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In every 
INDUSTRY 
and for every 
PROCESS 


there is only 


ONE BEST 
‘TEMPERATURE 


or PressurRE or DURATION, 
or degree of RELATIVE 
Humipirty, or other 
Vital Condition; and 


for Every Application 
there’s only One Best 
INSTRUMENT 
AEN 


It's more than likely that 
“Temperature Headquarters” 
makes it..and makes it work! 


WJ” 


What’s your application? 
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Mercoid Control 
with steel cover 








a. Automatic 
Controls are always 


“on the job.” Their accurate 


dependable regulation of 


temperature pressure and 
vacuum will prevent waste 
and reduce production costs 
in your plant. And because 
they are automatic they will 
save labor and prevent prod- 
uct losses— often very costly. 


Youhave probably often won- 
dered why modern electrical- 
ly operated temperature and 
pressure control could not be 


MERCOID 


CONTROLS 
ever 


sleep : 


designed to fit your particular 
control problem—an instru- 
ment moderate in price and 
one that would not need 
constant servicing. 

You will find Mercoid to be 
in every respect, the instru- 
ment you have been looking 
for. 

The Success of Mercoid 
Controls is well established. 
Thousands of them are now 
operating in a wide variety 
of applications. 

Mercoids carry full line cur- 
rent— either 110 or 220 volts 
~~ DC. or A.C. 
No intermediate control is 


any cycle. 


necessary. 


On request we will send you without 
obligation complete information and 
a book containing detailed blue prints 
of over thirty Mercoid applications 
order it for your files. 


AMERICAN RADIATOR COMPANY 





ACCESSORIES DIVISION 


MI-1 


40 West 40th Street, New York 


When writing to American Radiator Company mention 1 
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MULTIMETERS 


D. C. and (A. C. or D. C.) 











A.C. or D.C. 
Multimeter 
Write 
for 


Bulletin 
502A 





When looking for Reliable 


HIGH SENSITIVITY METERS 


Get in touch with 


RAWSON 


ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 


CAMBRIDGE, MASS. 
Branch Office: 91 Seventh Ave., New York City 


Manufacturers of Microammeters, Milliammeters and Am- 
meters, Microvoltmeters, Millivoltmeters and Voltmeters, 
Cabletesters, Timers, Earth Current-Meters, Fluxmeters, and 
Thermo Junctions, Electrostatic Voltmeters, Wattmeters, Etc. 
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save money and 
improve our product 
vith ——emmmm 


STROMBERG 











automatic time control” 


VERY periodic operation in manufacturing can be 

controlled by a Stromberg Process Timing Instru- 
ment. T hese instruments make contacts at any predeter- 
mined interval or will continually repeat a contact for 
any interval for which they may be set. 

Many Saw, Drill and Small Tool Manufacturers use 
them for controlling the time of heat treating. Steel com- 
panies use them to ring bells at intervals of 10 or 20 
minutes as signals for reversing the drafts on blast fur- 
naces. They are also used for controll ng the starting 
and stopping of motors. Rubber manufacturers use 
them for accurate timing in the vulcanizing and mould- 
ing of rubber. 

Nearly 300 are being used by a large manufacturer 
for controlling the time that heat is applied to moulded 
insulating materials, radio dials, etc., allowing an opera- 
tor to attend to double the number of furnaces, assur- 
ing greater uniformity in quality of product and elimi- 
nating practically all spoilage. 

Send for our new bulletin on Stromberg Process 
Timing and Signalling Instruments. 


STROMBERG ELECTRIC COMPANY 


Manufacturers of Time Recorders, and Everything for 
Recording, Signalling, Measuring and Observing Time 


341 West Erie Street, Chicago, Illinois 


STROMBERG TIME RECORDER Co. OF CANADA, LTD. 
105 Victoria Street, Toronto, Ontario 


tromberg’ 
e STROMBERG ELECTRIC COMPANY 
biel 341 West Erie St., Chicago, Ill 
Send me your bulletin on Pr cess Timing and Sig- 


nalling Instruments. 








F rm Name 
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May 6th 


... the Day of 
Judgment 





OME to the Chemical Industries Exposition and judge 
C for yourself whether or not you can use the instruments 
on demonstration ... whether or not your plant or your work 
is enjoying advantages that the new instrument developments 
bring to industry and science. 


Instruments in process control 
is on both of the programs to 
be attended by students at the 
Chemical Show. 


La ad 
YORK 


MAY 
6roil 


1929 
GRAND 
CENTRAL | 
PALACE y 


TWweirre 
EXPOSITION ( 
CHEMICAL 
INDUSTRIES 


Management International Exposition Company, largest 
industrial exposition organization in the world. 
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In the line of Scott 
Testing Machines there 
are models for testing 
tensile strength and fa- 
tigue points of single 
strand yarns, fabrics, 
wire, rubber and other 
materials. There are 
also rubber abrasion and 


i) flexing testers. 


Scott Testers are 


Replacing guess 


with FIGURES 


for rubher ~yarn ~fabrics 
~Wire ~Twine te. 


They are used in laboratories, 
mills and factories throughout 
the world. Scott test figures are 
recognized as standard by pur- 
chasing agents and buyers every- 
where. Test figures may be 
recorded on a graph attachment 
for future reference or visible 
readings may be had from the 
dial. Any ordinary person may 
make tests. 


Write for details of 
Scott Testers applicable 
to your needs. 


HENRY L.SCOTT. COMPANY 


PROVIDENCE, R.I. 


When writing to Henry L. Scott Company mention INSTRUMENTS 
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The Burgess-Parr Sulphur Photometer 


4 


/ 
0 


For Rapid Sulphur 
Determinations 





in coal, oil, food, etc. It re- 
duces the time required for 


this from hours to minutes. 








BURGESS-PARR COMPANY 


MOLINE, ILLINOIS 
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New Flush Type 


. 
Strip Chart Recorders 
i te recording mechanism can be drawn 
out of the case at the front for easy in 


spection, after which it can be pushed back 


into place, a locking device holding it firmly 
| 


in position. Brown Continuous Chart Record 


ing Pyrometers, Flow Meters, Co Meters, 

Electric Liquid Level Gauges and Resistance 

Thermometers can now be furnished in flush 
] 


type cases with or without panels as specie d 
Write for details 

THE BROWN INSTRUMENT COMPANY 

4482 Wayne Avenue Phila., Pa. 
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The L& N Potentiometer Pyrometer 


Actual width of Chart is about 


A Modern Machine Too! 
for Controlling 
Temperatures 


een machine tool for controlli: 
temperatures "—that phrase well describ: 
the L & N Potentiometer Pyrometer. It’s 
different pyrometer, essentially different from ar 
other—with cut gears and substantial machine: 
parts that are driven positively by a moto 
ample power 


L & N Catalogs li ese In its detecting circuit is a sensitive—excey 

tentiometer Pyromé tionally sensitive swinging metal finger. It 

mecca oe * gor ai swings right or left in response to temperatur: 

ial bulletins outline theit changes, but does not itself measure. It merel 
guides the action of the measuring machine 

This L & N Potentiometer Pyrometer combin: 

a superior order of accuracy with the sturdine:s 

essential to dependable service in industrial plants 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 
Branch Offices Cleveland Chicago Houston Los Angeles San Francisco 


‘LEEDS & NORTHRUP 


L & N Potentiometer Pyrometers—Different from All Others—Most Accurate In Industry 
For Indicating, for Recording, or for Automatically Controlling Temperatures 














When writing to Leeds and Northrup Company mention INSTRUMENTS 
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=— four controllers have been installed on 
furnaces for heat-treatment of aeroplane engine 
parts. 

They are of the potentiometric type and are housed 
in die-cast aluminum cases. 

As many as eight control units can be driven by a 
single 1/6 H.P. motor. 

Not a single high speed moving part is inside any 
control unit. 

Engineering as well as instrument making expe- 
rience is evident in the design of this equipment. 


Witson- AEULEN (0 


EOLA ELIE 
INCORPORATED 


387 Concord Avenue New York 
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To The Readers 


HE Power Code Committee of the American Society of Mechan 
te Engineers have under consideration the adoption of an adequate 
rminology covering indicating and recording thermometers, that de 
pend for their operation upon the expansion of liquids, the vapor tension 
volatile liquids, and the expansion of gas. The old terms “Pressure 
Gauge” and “Bourdon Tube” thermometers are misleading 
The Chairman of the Industrial Instrument Se¢ 
f Scientific Apparatus Makers of America is coop 


Power Code Committee. He approached the editor for Suggestions 


this guestion will be of interest to the readers of INSTRUMENTS the 


editor would like an expression of opinion from all readers. A form 
printed on page 13. Kindly send us your comments 

The Bristol Company and the Foxboro Company have for some time 
designated these instruments as Class I, Class II and Class III, in the sam« 
der as mentioned above. The editor offers the following terminology 
is being more desirable: 

Liquid Pressure Spring Thermometers 

Vapor Pressure Spring Thermometers 

Gas Pressure Spring Thermometers 
as there can then be no confusion as to which type is meant. It would 
rreatly simplify matters, if all makers and users of instruments would 

the same designation, regardless of which this might be 


Let us have an expression from YOU 


For Those Who Can or Cannot Attend the 


Chemical Exposition 
HE editor urges all the readers to attend the Twelfth Exposition 
of Chemical Industries the week of May 6th. Over forty industries 
furnishing material, and equipment, will display their products. Over 


400 exhibits will occupy three floors of the Grand Central Palace, New 


York. 
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The editor will be glad to meet all those who attend the Exposit 
Come to Booth No. 415 for a chat MAKE OUR BOOTH YOl 
HEADQUARTERS. 

For those readers who cannot attend the Exposition, the Informat 
Section offers a special service. The Information Section will obtain { 
you information, literature or prices on any instruments and devices | 
measurement, inspection and control which are exhibited. Writ 
Information Section and advise the types of instruments and devic« 
which you would like detailed information. For your convenience \ 
will find a form on page 13, fill this out and return immediately. T] 


service is entirely without charge. 


Editor’s Note 

N using instruments of all makes to illustrate Mr. W. J. Healey 
I article PORTABLE ELECTRICAL INSTRUMENTS. in 
March issue, it may have created a wrong impression. Mr. Heal 
being an Instrument Specialist for the Westinghouse Electric & Ma: 
facturing Company, wishes it clearly understood that Westinghou 
makes instruments in all classes described. The illustrations for 1 
article were selected and sent in by the author, but substitutions v 
made by the editor 
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The Measurement of Pulsating 
Currents** 


W. Nelson Goodwin, Jr.* 
b 


the principles of the measuren 
to know the meaning of the 
ct current,’’ and the characteristic 

A true alternating current is one which 


1 if l 


tricity transferred in one direction 
1s one in which the a 

the opposite direction 

A pulsating current is also 

ed in one direction is 

rage value of the curren 

A direct current is a cu 
ly considered constant 
ally considered constant 

By varying periodically is mea 
tion in time, all cyclic variations 


ring 
iring 
nt 


’ ’ 
In fh 
le te f 
Qi 15 MZ 
i 


The curves t 
which corresp< 
is shown from ty, to te 
area A above the zel 
reas are directly proportional t¢ 
ple average value la 
Curve a 18 a pure 
for example that sh 
such as shown in ct c, in which 
be designated as an alternating current 
| vary periodically and have equ 
he current in the ordinary cor 
Pulsating currents, already define 
of course be produced by periodically 
ting current upon a direct current 
irves a, b and c in Fig. 2 illustrate a 
mplete cycle is shown fror 2 
Curve a illustrates the pulsating curren 
wave are rectified. The average value 
current where only one-half of the 
only one-half of the average value 
where some reverse current 
current. In this case the averags 
fage currents in opposite directions 
A pulsating current may als 
alternating current. For exampl 
iverage values Ia may be c In\ ire< ] 
re the a.-c. waves varying p C y ve : below the 
The a.-c. waves shown shad re yt in gen sinusoida 


waves since abo I I med 


nd t 


j, are 


1 } + r re} 


re now 
ready to consider methods of measuring them. It should be said before 
proceeding further that there is no general method for making thi: 


* b ] ] 
his article has been modified from one af 


Motion Picture Engineers 


*Chief Electrical Engineer, Western Electrical Instr 
DF 


earing 
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measurement. The method and instruments necessary to employ 
iny particular case dk he purpose for which the curr 


to be used, as will be made clear as we proceed 


The fundamental definition of current strength is based upx 
electromagnetic force exerted upon a conductor carrying the cur 
by a unit magnetic field under specified conditions. It follows fro1 


that it is only to a direct current or to the instantaneous valu 


COMPENSATIN 
)} CONDUCTOF 


ELECTRICAL 
INSULATOR 
THERMAL | 
CONDUCTOR | 














THERMO COUPLE 
HEATING | 
CONDUCTOR 


Fig. 5 


hl 
va 


varying current that a value in amperes or other units can be ass 


It 1S, therefore, on 


\ 


which will be the same under all conditions 
instantaneous values of a pulsating current which can be said to 


definite values and the same magnitude under all conditions. The valu 
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1 , , 
gned to the pulsating current aS a WN¢ le 1S 


pending upon the effect which the current produces 
vices through which it passes, and it may be defined as e 
ilue of a direct current which would produce the same ¢ 
same conditions 
For example, as will bs . later, some effects vary a 
he current and others as the first power, and theretore, 


assigned to any pulsating Current vary COrrespon¢ 


There are three general classes of instruments which 
he measurement of pulsating current, subdivided for 
iscussion according to whether their indicatior 

he first or second power of the current or 


(1) The 


Permanent Mag ret Movable Coil T ype 
which the current to be measured, or a known fractio1 

| is pivoted and capable of rotating in the magneti 
by a permanent magnet, as shown in Fig. 4 

The forces tending to cause deflection in this instrument 
tional to the strength of the magnetic field and to the 
field strength is constant, the indications are directly proportional to th 
current, that is, the first power of the current. Furthermore, since th 
field is constant, readable indications will result only for currents in one 
direction. 

If, therefore, a pulsating current 1s passed through this type of instru 
ment, the force tending to deflect the movable system at any instant is 


{ 


directly proportional to the first power of the current at that instant. It 
the frequency of pulsation is sufficiently rapid, as in the case at ordinary 
frequencies, the pointer does not follow the cyeli hanges in cur 
rent, but rests at a position which is the result of the the 
electric forces throughout the cycle. The instrument, therefore, measure: 
the simple arithmetical average value of the lsating current, that 
the values I, shown in the curves in Fig 

If the current follows a pure sine wave as shown in curves a and b in 


I 


\ 


2, then for the completely rectified wave, as curve a, the averag 


to 
alt 


ie I, indicated by the permanent magnet instrument will be 2 | 
0.636 In, where I, is the maximum or peak value of th 
For half-wave rectification as in curve b, the value I, 
7=0.318 I, 
For any other wave shape, as for example « ‘elation between the 
peak and average values varies with the shape of the wav 


A permanent magnet movable coil type instrument, therefore, should 


be employed for measuring pulsating current only where the effe 


¢ 
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throughout each cycle depends upon the first power of the current 
Specific applications of this principle will be referred to later 
Movable Iron Type. Fig. 5 shows a diagram of the mechanism 
movable iron type instrument 


Two pieces of iron are mounted as shown in the magnetic field ; 


duced by a coil through which the current to be measured passes. ( 
piece is fixed and the other attached to the pointer staff and is moval 
Both pieces of iron are magnetized together by the same field, and w 
so magnetized, repel each other, causing the pointer to deflect. The 
pelling force is proportional to the product of the magnetic effects in 
two pieces of iron. Since each magnetic effect in turn is proporti 
to the strength of current in the coil, the resulting repelling force act 
to deflect the pointer is proportional to the square of the current 

Electrodynamometer Type. In a similar manner it can be shown tl 
in electrodynamometer instruments the deflecting forces are proportional 
to the square of the current through them. 

A diagram of a typical form of this type of ammeter is illustrated 
Fig. 6. 

In this type of instrument a movable coil is pivoted, free to turn, with 
in a fixed coil. The fixed coil usually carries the entire current t 
measured, and the movable, all of this current, or a definite fractior 
it. The deflecting forces are proportional to the product of the currents 
in the two coils. Therefore, the forces acting to deflect the pointer ar 
proportional to the square of the current. 

Thermal Type. This type, illustrated diagrammatically in Fig. 7 
sists essentially of a metallic strip or wire through which the curre: 
passes, heating it to a temperature which is proportional to the square 
of the current passing through it. A thermocouple has its hot juncti 
in contact with this heating strip and its cold junction connected through 
proper compensating conductors to a permanent-magnet, movable-coil 
type instrument. The indications of this instrument actually correspond 
to the temperature of the strip, but it is calibrated in terms of the value 
of the current passing through the heating strip. Since the temperature 
is proportional to the square of the current, the instrument indications 
are proportional to the square of the current, the same as the movabl 
iron and electrodynamometer types. 

When any of the three types just described is used to measure pulsat 
ing or alternating currents, its pointer cannot follow every cycle change 
in current, but will assume a position resulting from the average of 
instantaneous forces acting throughout a cycle, and since these forces are 
proportional to the squares of the currents, the deflection will correspond 
to the average of the squares of the instantaneous values. The scales are 
ordinarily calibrated and figured in terms of the first power of the 
rent so that it follows that the indication will be the square root of 
average of the squares of the instantaneous values of the periodi 





1929 INSTRUMENTS 


ying current. This value is known as the “effective value,” 
root mean square value usually designated as R.M.S 

To illustrate the various values of current so f 
sider them in connection with pure sine waves 

Referring again to Fig. 2, 

idal wave, and curve b, one of hal 

The average value I, of the ordinates of the ci 
age value already discussed. The effective or 
square root of the average of the squares of the 

*For the completely rectified sinusoidal wave, 
average value I, = 21, /7 = 0.636In, and the effective . S. valu 
is I, =In/V2 .707Im. That is, the effective value i 11 times the 
average value. 

A movable iron, electrodynamometer or thermal type instrument will, 
therefore, indicate a higher value than the permanent magnet type by 
about 11.1 per cent for the same current, where the wave is sinusoidal 
and completely rectified. 

*For the half-wave rectification as shown | e b, the ave rage valu 
I, =In/7% = 0.318Im, and the effective value I, I,/2 = 0.5Im. That is, 
the effective value is 1.57 times the average value, and therefore, movable 
iron, electrodynamometer, and thermal type instruments will indicat 
about 57 per cent higher than the permanent-magnet, movable-coil typs 
for the same current of this wave shape. 

This ratio differs greatly according to the wave shape, and since recti 
fied currents are seldom sinusoidal, the indication of the one type instru 
ment cannot be computed from that given by the other type unless th 
wave form or form factor is known, which is usually not the case 

Polarized Vane Type. The polarized vane or needle type is often used 
on small rectifier sets for the measurement of the rectified current. Thi 
is the type of instrument used on automobile dashboards, which is 
liar to all. 

The instrument consists of a small iron vane or needle, pivoted in the 
magnetic field produced by a permanent-magnet, and polarized by it 

The current to be measured is passed through a coil which also acts 
upon the iron needle, but at right angles to the permanent-magnet field 
The permanent-magnet maintains the needle normally parallel to its field, 
but when current is passing through the coil, the needle is deflected over 
a calibrated scale 

The peculiar feature of this instrument is that whereas the major por 
tion of the deflection force is proportional to the first power of the cur 


rent resulting from the action of the permanent magnetic field, there is a 


ic 
he square of the 
current which arises from the fact that the current also tends to polariz 


considerable percentage of the force proportional to t 


the needle by acting directly upon it 


*The proof of 





indications When measuring pulsating currents 


1 


instrument must be calibrated for a particular wave form, 


in average or effective values according to the purpose for which 
current is to be used, and it will not be correct for other conditions t 
those for which it was calibrated 

Practical Applications. Since, « ated above, the general typ 
instruments indicate differently on pulsating currents, it is necessat 
each measurement to decide which is the correct one to be used. To s!} 


how this selection is made a few important specific applications wil 


considered 


Battery Charging. The amount of charge in a storage battery 


1 
} 


| b | 
duced by the ‘ging current is proportional to the quantity of ¢ 


<i : 
passed through the battery, usually measured in ampere hours. S 
the quantity of electricity is equal to the average value of the cur 


multiplied by the time the current has been passing, the proper 
ment to use is one which measures the average value, that is, the pert 
nent-magnet, movable-coil type 

As stated before, a polarized vane type may be used if calibrat 
the particular wave form actually used, by using a permanent-ma 
movable-coil type instrument as a standard for calibration 

Electroplating. As in battery charging, the amount of metal dep 
in plating baths is proportional to the quantity of electricity 
through them, so that for this purpose it is also necessary to use a 
nent-magnet, movable-coil type of instrument 

r 1 


h 


Heating Appliances and Heating Effects in Circuits. In electrical h 
ing devices and in circuits in general, the heat developed is proportio 
to the wattage produced in them, which is equal to I°R, where I is 
current and R the resistance which is considered constant throughout 
cycle. Since, therefore, the heating effect is proportional to the squar 
the current, it is necessary to use a type of instrument the indications 
which are proportional to the square of the current, that is, a mova 
iron, electrodynamometer, or thermal type 

Incandescent Lamp Loads. Considering a given lamp, when 
gized by various forms of current, as direct, alternating, or pulsati: 
the same candle power is produced when the filament is raised to tl 
same temperature, that is, when it is supplied by heat at the same 1 
for the various currents. Since the heat is proportional to I*R as in 

ling example, it follows that it is necessary to use a movable 11 
electrodynamometer, or thermal type instrument to measure alternati 
or pulsating currents used for incandescent lamps. 

Arc Lamps. From extensive researches on carbon arc lights by M: 
Ayrton and others the following facts have been established: 

The major portion of the illumination as well as a large part of 
voltage drop across the are occurs directly at the positive crater. 1 
is about 35 volts and is practically independent of the amount of curr 
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wing. Further, the temperature and consequently th 
incy are also nearly independent of the current. Th 
ninating power produced by increase in current appear 
1 


ncrease in area of the crater, which increases at a slightly greater rate 


’ 
than the current. It has been found, therefore, that the illuminating 


1 1 1 
1; rotiy ‘atl - \ > + 
LIV Te 


ower is nearly proportional to the first or a slightly higher power of the 
irrent. 
From these facts it is evident that the value of a dire 
vill produce the same candle power as the pulsating 
mately equal to the average value of the first power of 
urrents, and therefore, a permanent-magnet, movable-coil 
ment should be used in measuring the current. This 
tiated by considering that the average power develops 
crater from which the major portion of the light 
product of the average current and the voltage 
constant at the crater. It follows, therefore, that 
average power for each cycle, the average current 
this is the current to be measured. It should be noted 
amples previously given the instrument indications with pulsating 
rent are exactly correct for the effect considered, but in 
arc light, the indications of the permanent-magnet, 
are approximately correct, but much more nearly correct 
instruments operating according to the square law 
While the permanent-magnet, movable-coil instrument gives indica 
tions approximately correct in relation to illuminating or candle power 
of the arc when operated by pulsating current, its indications are en 
| 


tirely erroneous in regard to the heating of the carbons, 
lf These 


fects are proportional to the squares of the instantaneous currents, 


other parts of the arc circuit outside of the arc its 


if these effects are desired to be known, a square law instrument should 
also be used. This also applies to battery charging and electroplating cit 
cuits. As stated above, the shape of the pulsating current wave is usually 
unknown, and is especially irregular in arc circuits, so 

ticable to estimate the heating effects from the sam 

for the illuminating effects. 

General Application. In the measurement of pulsating current, a 
already stated, it is necessary to consider each problem separately, but 
the method of attacking the particular problem can be stated generally 
In each case it must be determined how the effect which the current is 


1 


called upon to produce varies with the instantaneous values of the pul 
sating current recurring in its rapidly varying cycles, that is, whetl 
it varies with the first power or the square law or some other law, and 
then choose the type of instrument which will indicate the average of 
the corresponding function of the instantaneous current values 

A few words of caution in the measurement of | y currents 
will not be amiss. 
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When using a permanent-magnet, movable-coil type instrume: 
which all or a larger part of the current passes through the mov 
coil, for measuring the average value of high-frequency, pulsating 
rents, or high-voltage, steep wave front currents from rectifiers, th 
strument should be shunted by a condenser of about Y% to Y% m 
farad to prevent damage to the windings of the movable coil and 
to give accurate indications. The presence of this condenser in no 
affects the accuracy of the instrument calibration 

It is obvious that transformers can not be used in the measurer 
of pulsating current as they can not pass the direct current compot 

It is sometimes desirable to know how much alternating cur 
component is present in a pulsating current. To measure this it is n 
sary to use some form of selective a.-c. ammeter. With such an inst 
ment the a.-c. component can be measured even when a very 
d.-c. component is present 

Measurement of Power. The average power in watts or other un 
delivered by a pulsating current or absorbed by any device suppl 
with pulsating current is the average value of the product of the 
stantaneous values of current and voltage throughout a cycle. The usu 
form of electrodynamometer wattmeter, therefore, will indicate tl 
power correctly regardless of the wave form, or whether the effect wh 
the current is called upon to produce varies according to the first power 
or the square law, provided, of course, that the frequency is within th 
limits for which the particular wattmeter was designed. The limitations 


for pulsating current and the circuit connections are no different fro: 


those for ordinary a.-c. or d.-c. measurements. 

This follows from the theory of the wattmeter. The deflecting forces 
are proportional to the product of the currents in the fixed and movabl 
coils. The fixed coil carries the pulsating current and the movable « 
a current proportional to the voltage, whether pulsating or constant. | 
a manner similar to that described under other tests, the moveable « 
and pointer assume a position resulting from the average value of t! 
products of these two currents, and, therefore, to the power in watt: 
other units of power. 


Beginning April Ist the Pittsburgh Office of the Stromberg Elect: 
Company of Chicago, will be located at Room 426 of the new Gra 
Building, Pittsburgh, Pa. 


The Roller-Smith Company announces the following appointment 
Jackson Brown, Jr., 701 Kittridge Bldg., Denver, Colo., as Sales Agent 
for Colorado, Utah, Wyoming and New Mexico; J. C. McDougal 
Alaska Building, Seattle, Wash., as Sales Agent for Washington, Oreg 
and Alaska; Carl P. Lohr, 401 National Bank of Commerce Bldg., St 
Louis, Mo., as Sales Agent for the St. Louis territory. 
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The Solenoid Accelerometer 
R. W. Brown* 


HE need for a simple, rugged and compact instrument to measure 

jee shocks imposed upon a motor vehicle by road irregularities has 

g been realized. It is important to know the effects of vehicle move 

nt both as regards riding qualities and the momentary loads imposed 

pon the road or road impacts. Since the forces involved in the various 

1ovements of the motor vehicle are caused by changes in velocity, it 
becomes desirable to measure accelerations directly. 

The present instrument was evolved after extensive experimentation 
and the construction of numerous accelerometers, such as the curve 
drawing carbon pile accelerometer, cantilever spring contact type and 
various spiral spring multiple element contact type instruments 

The solenoid accelerometer consists of six elements arranged in a case. 


is shown in Figure 1, which can be attached to the motor vehicle axle. 














frame, seat cushion or other position where it is desired to measure 
iccelerations. The elements are so arranged that a contact opens when 
the entire case is subjected to accelerations above the adjusted valve 


The various elements are adjusted for different values of acceleration 


The opening of the contacts operate a special counter, as shown in Fig 


2, thus after a test run has been made the counters indicate the 
number of accelerations which have occcurred above the adjusted value 
of the individual element. The adjusted value can be readily changed to 
anything desired by the manipulation of a rheostat incorporated in the 
counter case. 

A diagrammatic cross section of an element is shown in Fig. 3. Current 
flowing through the iron clad solenoid (A) tends to pull the iron inertia 


*In charge Engineering Laboratories, Firestone Tire & Rubber Co., Akron, Ol} 
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weight (B) so that the contacts (C) remain closed with a definit 


The weight (B) is maintained centrally in the solenoid by th 


spring (D), which also serves as an electrical connection and th 


1 


ing (E). It is apparent that if the element is subjected to an accel 


1 


g the axis of the weight (B) that the weight will tend to lag 
movement he change in the velocity of the movement is suff 
rorce aus! 

weight (B) to lag 
vreater than the 

the opposite directi 

erted 

hence 

will 

the counter t 

Adjustments are 


t 





upper co! 





for the cantilever 
(D). Early experi 


work indi ated 














contacts would n 
leanly with any 
type of acceleromete1 
would tend to 
thus causing two 
count for one a 
tion. With the solenoid instrument iculty is entirely over 
the force exerted by the solenoid 
move downwardly. 

It was found that commercially availabk 
ited on the low current necessary to prevent 
After much experimental work a polarized magnet was develop 
would operate the escapement of a conventional clock mechanist 
times per second on a total time opening for each count of 
with a current input of less than 0.1 watt. 

A number of these instruments have been constructed and hav 
practical in thousands of miles of service on all types of roads. W 
the instrument cannot be used to secure data to answer 
questions regarding riding qualities and road impact, it has 
consistently and accurately in a practical manner the major accel 


occurring in motor vehicles in normal service 


The Brown Instrument Company announces the appointment 
vice-presidents as follows: Charles H. Kerr, Vice-President and G 
Manager: George W. Keller, Vice-President and General Sales 


aver 
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A Super-Micromanometer 
By John L. Hodgson, M. Inst. Mech. E. 


1924 the writer was asked by Professor Douglas Hay, who 
mber of the Midland Inst > Committee on the Vi 
, to design a mMicro-manometer for use und rground, whi 
robust and portable should be at least ten times as 
known Chattock and Wahlen manomete 
As enquiries are now being received from res 
ld in connection with the manometer which 
riter feels that a brief desc ription of 1t may pro 
The manometer is shown diagrammatically in Fig 


in Figs. 2 and 3. Fig. 4 1s 
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A reference to Fig. 1 shows that the manometer co! 
umber A containing oil or other suitable liquid, which communicat 
ith an inclined gauge glass B which is so placed with regard to the zero 
el of the oil in the reservoir that the upper meniscus of the oil 
tube is approximately at the centre of the gauge tube wl 
een the two points P1 and P2 are equal. When 
pressure between P: and Pz is increased, the meniscu 
n, however, be brought back to the zero position by 
placer H. The amount of this withdrawal is r 
nd on the vertical scale provided 
It will be seen that theoretically this arrangement 
inute differences of pressure to be measured, as thi 
de of small section, and it can be raised and lower 
thread. Actually, however, the accuracy which 


; 


ractice depends upon a number of factors 
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with which the movement of the displacer can be read, such 
maintenance of the apparatus at a uniform temperature, and th 
ness with which the position of the meniscus can be read. For n 
ments up to an accuracy of 1/10,000” of oil, a simple gauge p 
shown in Fig. 3 is adequate. The plug-cocks shown in that figu 
also sufficiently satisfactory for work of this degree of accuracy. \\ 
however, greater accuracies are desired, these plug-cocks must 
placed by leather faced cocks such as are shown in Fig. 4. Thes 
are of large area and are absolutely leakproof in both the closed 
the open positions. If the passages through the upstream and 
stream cocks are of small area, slight changes in the temperatur 
air in the displacer chamber cause temporary inaccuracies in th 
ing, even though the cocks are fully open, owing to the expansi 
this air and its consequent increase of pressure. Small leaks to 
phere” also introduce appreciable inaccuracies 














Fig. 3 


For high accuracy it is therefore necessary to keep th 
chamber at a constant temperature, to avoid leaks, and to m 
cocks and pressure pipes of large area. It is also necessary 
appreciable differences of level between the manometer and tl 
at which the difference of pressure is being measured, lest differe: 





temperature in the pressure pipes themselves cause errors in the 1 
owing to differences of density of the air in these pipes 

By means of a microscope as shown in Figs. 1 and 2 the posit 
the meniscus along an inclined gauge tube half an inch in 
can, if the meniscus is carefully illuminated, be read to 1/10,' 
accuracy when a magnification of 1 in 60 is used in the eye-pi 
quite workable slope for the gauge tube is 1 in 10 (much finer 
can be used if desired) so that the meniscus is easily read to at 


racy corresponding to a change in the oil level of 1/100,000° 


As previously explained, the reading of the displacer dial ca 
out difficulty be made as fine as desired 
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The instrument is designed to fit to a standard mining theodolite 


sod, which provides a strong rigid base. In operation it is first care 
levelled, the inlet valves being closed. The equalising valve is 


opened and the meniscus brought to zero in the gauge tube by 


then 
otating the milled head G which moves the displacer. This milled 
1 is then held firmly and the graduated dial F (which is friction 
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tight on its spindle) is rotated to the zero mark on its scale. The equal 
sing cock is now closed and the inlet cocks C and D are opened t 

pressure. The milled head is again rotated until the meniscus is brought 
back to zero, the amount of this rotation being measured by the fine 
dial F and the vernier R. A coarse dial L shows the number of revolu 
tions made by the fine dial F. With the aid of the vernier R, 1/1,000th 


ta revolution of the dial F can be read. This, with the large displacer 
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supplied with the instrument, corresponds to a pressure d 
| /10,000 inch of water, and with the small displacer to 1/1 
of water 

The top of the vessel A is removable, and is kept in posit 
means of eight screws. The joint surfaces are carefully machi 
ire fitted with a washer. An air-tight joint 1s obtained by rubbi 
vaseline before tightening down. When changing the 
must be taken that the air-tight joint is maintained 

The following arrangements are provided for taking out a 
lash in the displacer mechanism: 

The screw spindle J is pressed by a spring washer against a 
trapped at its lower end 

The nut which travels on this spindle is made in two hal\ 
| 


hottom half is fixed to the displacer, and the top half slides in 


top half is prevented from rotatin y means of ind a 
sion spring placed between the two halves aids t 

placer and causes the lower half alw: 

of the screw threads 


Back-lash between the displacer H and the guide Q which p: 


it from rotating, is taken out by means of a flat spring (not 


which is screwed to the side of the lower half of the nut 

A vent K is provided for filling the vessel with oil. This 
by means of a screwed plug fitted with a washer 

A removable pointer fitted with a white reflecting surface is p: 
to enable the instrument to be used without the microscope. | 
with the microscope underground, ample illumination is provid 
neath the meniscus by attaching a standard type of electric cay 


the clip from which the pointer has been removed. 


Sensitive spirit-levels are provided, one N being parallel to th 


tube and the other M at right-angles t A levelling-screw P 
the instrument to be levelled parallel to the gauge-tube, as it 
tial that it should be kept accurately levelled in this directi 
instruments is mounted on a quick levelling-head in order to f 
levelling 

The Roller-Smith Company announces some additions to 
organization 

Mr. Jackson Brown, Jr., 701 Kittridge Building, Denver, Col 
resenting the Roller‘Smith Company in Colorado, Utah, Wyo 
Northern New Mexico 

The Manila Machinery & Supply Company, Inc., Manila, P! 
Islands, is representing the RollerSmith Company in the P! 
Islands. 

Both of these new representatives will handle the Roller-Smith ( 
pany’s lines of electrical measuring instruments, relays and 


breakers 
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Some Magnetic Properties of 


Monel Metal 


By David R. Inglis* 


vs ONEL METAL,” as described by the International 
Company in their booklet about that substance, “is 1 
tic alloy, but a natural combination of nickel and copps 


refined without changing the relation of the important elements, i.c., 
ickel and copper The smelting and refining merely remove th 


ndesirable elements. Monel metal contains approximately 679% nickel 
28% copper and 5% of other metals. This remaining 5° consist 


urtly of iron from the original ore and partly of manganese, silicon 
arbon being introduced in the process of refining.” 

very extensive use of monel metal in the industries within th 
ist thirty-five years emphasizes the need for a study of many of its 
sical properties. Some time ago Burrows' called attention to the fact 


that monel metal has definite magnetic properties. He found that at a 


wnetizing force of about 200 gausses (approximate saturation), cast 


mel metal (quenched) had a magnetic induction only one-twelfth of 
that of pure nickel, while annealed sheet monel metal had about on 
third. Furthermore, the fact that monel metal has lost most 

tism by the time it reaches the temperature of boiling 


> of the very unusual alloys for a study of its 


roperties 
In an investigation’ of the magnetostrictive effect in monel metal 


very interesting results have been encountered. For example, a rod 
f the metal, when subjected to a magnetic field, changes its length a 
hown in Fig. 1. The changes in length for four different specimen 
> plotted against the various field strengths applied to them. 31 and 


2 are for hot-rolled rods, 75 cm. long and 0.4 cm. in diameter, whil 


and 34 are for cold-rolled rods of the same dimension. The curv: 


_ » 2 ‘ oll . } 
rnumber 32 is particularly interesting because it is in charactet 


A i 
ich like that of cast cobalt*. For convenience in plotting, tl 


hange in length for these rods are given as ordinates for the graph 
What is still more striking about the magnetostrictive effect is th 
tter-effect. If the magnetic field is held constant at a str 

1) gausses, the rod begins to shorten and continues 
minutes. The amount of shortening for the first 


to 4 or 5 times that which occurred when the f 


| 
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Fig. 1 Change in length of monel metal rods due to magnetic field. 


30.6 gausses 


HAM MMe 
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The permeability of Monel Metal as a function of the temperat 


30.6 gausses 


TEMPERATURE 








4 4 mn A i d. 
40° 50° 60° 10° 80° 90 100° 110°C, 
Fig.3 The residual magnetism of monel Metal as a function of the temperature 
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was noted particularly in r d No. 32, it appeared desirable to investigate 
the manner in which rod No. 32, in particular, sania its critical 
temperature. Burrows* by a contact testing method determined the 
point where his method ceased to detect any magnetic Sapiperesaped in 
monel metal. An average of several specimens gave 1 a value about 
95°C. This he called the critical temperature. 
Two methods were employed in studying the magnetization-tempera 
ture curves in this work,—magnetometric and oscillation methods. 
Magnetometric. The specimen of monel metal lay horizontally at 
right angles to the magnetic meridian. The rod was surrounded by a 
slender, asbestos covered, electric furnace which fitted inside of a water 
jacket. Tap water circulated through this jacket. Outside of the furnace 
and the water jacket was the magnetizing coil. Near this outfit of speci 
men and coils, a fairly sensitive magnetometer was placed. When the 


specimen was not in position the effect of the magnetizing coil was just 


compensated at the magnetometer by an auxiliary coil in series with the 
main coil. When the rod of monel metal was in the coil, the deflection 
of the magnetometer was proportional to the intensity of magnetization 
of the metal. It should be noted at the outset that the susceptibility of 
monel metal is very small, so that no ordinary method of ferro-magnetic 
measurements can be used in the neighborhood of the critical tempera 
ture. The temperatures were determined by a mercury-in-glass thermom 
eter. The magnetometer was checked by comparing the deflections at the 
same magnetizing forces as the rod had when tested at room temperatur 
in a special ballistic permeameter whose constants were known 

Fig. 2 shows the values of the permeability of monel metal for different 
temperatures as worked out by this method. At 107° C. the permeability 
is 1.009, still sensibly greater than one. Just as in the other ferromagneti: 
substances, so in monel metal there is no allotropic transformation and no 
very sudden change of magnetic properties at the critical temperature. 

Residual magnetism is a more certain criterion of the existence of fer 
romagnetism. Measurements of it were made by the method outlined 
ibove. Table 1 gives the numerical values of the intensity of residual 
magnetization of monel metal after a field of 30.6 gausses has been ap 
plied to the rod and then peniitte These results are shown graphically 


in Fig. 3 


Intensity Temperature Intensity Temperature 
0.285 86°C. 0144 80, 

144 | 0042 

.065 8° : 0030 

.048 5 Raat Se 0022 

0206 0016 
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From this data it is apparent that ferromagnetic properties decrease 
ually with rise in temperature. This only demonstrates the indefinit 
ture of the transition at the critical temperature, and suggests that 
exact determination of this point is dependent upon the sensitivity ot 
method, as well as upon the definition of critical temperature empl 
The ferromagnetic character of monel metal seems to vanish most] 
tween 60° and 100° C. Somewhere within these limits lies the cr 
temperature 

Oscillation. Since higher temperatures could be used than 
possible with the preceding method, it appeared to be of interest to 
there might be any discontinuities in the change of permeability 
temperature, such as are known to accompany allotropic transformat 
in iron above its critical temperature. The same monel metal rod as 
used in the preceding method was suspended horizontally and alk 
to swing in a magnetic field. The permeability of the rod was app: 
mately determined by observing its period of oscillation. Corr 
were made for the small torque of the suspending fiber. The permeat 
decreased continuously as the temperature was raised from 20° to 4 

The author is indebted to Professor S. R. Williams for the 

showing the magnetostrictive effects in monel metal and for sugs 


the main problem 


THE MAINTENANCE OF INSTRUMENTS 
Some of the reasons why instruments are not a success are 
1. The wrong type of instrument was purchased. 
2. The instrument was not installed or used properly 
3. The instrument requires adjustment or correction 


In considering the purchase of instruments the following shoul 
kept in mind: 

1. Accuracy and sensitivity required 

2. Should the installation be indicating, recording or controll 
some combination of these 

The only way to have a successful installation is to make it def 


someone's business to look after the instruments. A little daily car 


keep an installation in running order. The instruments should bh 


clean and in good order, and every precaution taken to protect then 


overheating and dirt. 


The Foxboro Company’s Pittsburgh branch office will be locat 
the new Koppers Building after April 20th. 

The Pittsburgh organization maintains a stock and service depart! 
in addition to its substantial sales organization, which equips it to 1 


complete service to the industry, 
] 
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New Instruments 


— tiVvV: | 
Recently Developed by Instrument Manufacturers fi) 


Write Information Section, Instruments Publishing Co., Pittsburgh, P 
information 


SS 2S] SS] =_>SL_=-SS- LES SS 2] 


New Automatic Cycle Controller 
(C. J. Tagliabue Mfg. Co.) 


HE particular model of cycle controller illustrated consist se 
tially of a long rotating shaft on which are mounted a numbe 


cams. Each cam controls the operation of a separate diaphragm valve 
other such device. The last cam does not operate 

valve but has time graduations so that the progress 

he determined at any time. In a controller which 

automatic operations a longer cam-shaft would | 

controllers of the cycle type can be 
schedule ot events 


The controllers are very substantially 














steel with an attractive crystallized lacquer finish. The pilo 
levers, cams and other mechanisms have been used in Tag « 


I 


many years and the dependability of these standardized 
well established by thousands of installations 

The following illustration shows the Tag automatic 
applied to the curving operation in a tire factory 


e rubber company’s sf ficat s I r bag 
leakage in bags (5-lt 

to hold at this ¢t 

inlet and water 

And throughout th 

Ibs., the controller shall t t y t bag pr 


Three signal lamps are connected to the controller. A white lamp is 


connected to the current supplied to the controller. If this light goes out 





it would indicate fail 
setting motor. A red lamp 
bag leakage and it stay 

of this condition. A 

operations. 

The use of Tag cycle contr 
models of the controllers are | 
presses, high speed individual tube v 
paratus, where both “speeding 


equally stressed by managerial policie 


Time and money can be saved by 


Pages as often as its editorial pages. That is because 
INSTRUMENTS is vouched for by the company whose name is 


advertisement. 
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A Direct Reading Thermocouple 
Temperature Indicator For 
Electrical Machinery 
F. S. Stickney * 


DIRECT reading temp e indicator 


thermocouples in electrical 
those designers and operators who recognize the irable features of th 
thermocouple aS a Means OF temperature me n measuring the 
hot spot temperatures of electrical machinery, especially large motors and 


} - ] } ] t +} > > 
generators, the reliability of the tel 


prime importance. Much has been 


1 


I imbedded resistance COIs Ve! 
remain that where high 

or where complex in 

has many points in its 

nore widely to agree witl 

in case the machine 

can be more readily 


} 


vedded resistance coll 
The use of imbec 


-— ' 
past by lack of good 


clined to favor a direct 

tiometer type 

The potentiom 

spite of its inhere 

lead resistance, 

switchboard temp 
Electrical machiner\ 

Centigrade. At thi 

develops an E.M.F 

at ordinary room 


accurately measured 


second, the 
temperature; 


ompensation 
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ngle indicating instrument 


The millivoltmeter has the appearance of an ordinary switchboar: 
strument, 7'/y inches in diameter with a scale 3!/2 inches long. A 
anced design has been obtained by usual methods; i.e., by improving ea 


detail to the point of maximum usefulness. The winding is design¢ 
efficiently as possible. The springs are as weak as is consistent with 
performance. The magnet is as strong as can be obtained in the 
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available. The moving element is made as light as possible to permit 
reduction in torque without causing pivot friction. A reasonable amount 
of manganin has been left in the circuit to eliminate temperature coeffi 
cient. Special pole-piece design develops maximum efficiency from the 
combination. The scale is calibrated 0-200° Centigrade, giving a working 
sensitivity of more than 1/64 inch of scale per degree Centigrade. The 
scale can be easily read to the nearest degree. 

An electrical method of cold junction compensation is used. A cold 
junction compensating box is located at or near the thermocouple termi 
nals of the machine, thus reducing to a minimum the amount of alloy 
cable in the thermocouple circuit. The copper-nickel sides of all thermo 


couples are connected together at the thermocouple terminal board, and a 


single copper-nickel lead is run to the cold junction compensator usually 
located close by. A separate d.-c. control circuit is applied to the com 
pensating box, maintaining the cold junction electrically constant as will 


be described later. The circuit is completed through the instrument with 
copper cable, and the instrument may be located in any desired place 
without affecting its sensitivity or accuracy 

The diagram of the cold junction compensating box is shown in Fig. | 
A bridge circuit consisting of two copper arms and two manganin arms 
is compactly wound from a heavy metallic junction post A. The cold 


junction is formed at one end of the post by contact with the copper 
nickel lead from the thermocouples. Constant current is passed through 
the bridge from a constant potential circuit, the current being determined 
by a self-contained resistance in the compensating box. Any voltage from 
1 volt to 600 volts may be used for the control circuit. The most com 
monly used voltages are 24 volts, 125 volts, and 250 volts. The potential 
from ordinary storage battery equipment or from an exciter circuit ts 
very satisfactory for the purpose, as will be explained later 

Due to the considerable mass of the junction post A, the temperature 
of the bridge windings is the same at all times as the temperature of the 
cold junction. The e.m.f. across the diagonal corners of the bridge is 
proportional to the temperature of the bridge on account of two of the 
windings being made of copper which has a considerable temperature 
coefficient of resistance. This e.m.f. is added algebraically to the e.m.f 
developed by the two junctions of the thermocouple in such a way that 
the effect of any variation 1n the temperature ol the cold junction is 
completely nullified. 

Since variations as great as 20% are to be expected in the voltage 
of a d.-c. exciter circuit, or in a battery circuit which might be availabl 
for a power plant installation, it is necessary that the effect of this vari 
ation in voltage be reduced to a negligible value. This has been accom 
plished by designing the bridge of the compensator for balance at the 
ordinary room temperature of 30° C. At this temperature, the resistance 
of the copper arms of the bridge is equal to that of the manganin arms 
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Therefore, no e.m.f. is developed by the compensator at 30°, and 
current flowing in the thermocouple circuit is due to the e.m.f. of 
thermocouple alone. If both the hot junction and cold junction we: 
the same temperature under these conditions the thermocouple v 
develop no e.m.f. and the deflection of the millivoltmeter would bi 
The spring zero of the millivoltmeter is therefore made at 30° C 
dial, which corresponds with the balance point of the bridge in the 
pensator box. Assume now that the temperature of the hot junction 1 
creased from 30° C. to 100° C., all other conditions remaining the s 
According to the temperature—e.m.f. curve for a copper-to-copper 
thermocouple, the e.m.f. developed by the thermocouple will b 
millivolts when the hot junction is at 100° and the cold junction at 
C. The millivoltmeter is accordingly calibrated so that a voltage of 
millivolts will move the pointer from its true spring zero at 30° ( 
to the point on the dial indicating 100° C. Now assume that the 1 
perature of the cold junction falls from 30° C. to 25° C., the temy 
ture of the hot junction remaining at 100° C. The e.m.f. develops 
the thermocouple will increase from 3.04 millivolts to 3.24 milliy 
Without compensation this would cause the pointer to move further: 
the scale and indicate approximately 105° although the true temperat 
at the hot junction is still 100°. To offset this, however, the temperat 


1 


5°. unbalancing the bridge so th 


2) + 


of the bridge winding falls to 








millivolt is subtracted from the e.m.f. developed by the thermocou; 
The millivoltmeter operates upon the difference between the two 
ages and indicates the corresponding temperature, 1.e., 100° C. wl 
the true temperature of the hot junction. 


Now a word regarding the accuracy of the compensator unde 
ing control voltage. Since the balance point 30° C. the compe 


is entirely independent of control voltage at this temperature. At 
other temperature the error in degrees C. is equal to the differen: 
tween 30° C. and room temperature, multiplied by the percent of 
ation of control voltage from its nominal value. For example, 11 
25° C., the difference between 30° and 
c 
( 


junction temperature 1s 


5° C. If the control voltage should be decreased or increased 20 


under these circumstances, the error would be 20% of 5° or 
which is '4y of 1% of the full 


arily possible to obtain control voltages with much better than 


scale reading of the indicator. It 1s 


regulation, so as long as the temperature of the cold junction com; 
sator remains reasonably close to 30°, error from variation in 
voltage can be neglected 

Commercial imbedded thermocouples vary considerably in resista 
Even in the same machine the resistance of individual couples may 
more than 50% due to the fact that thermocouples located on all 
of the machine are usually brought out at a common terminal boar 
convenience. In addition, the circumstances of location attending 
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ipplication are different. Both the distance between indicator and thermo 
iple and the cross-section of cable used vary with the installation. Onl; 
use of an extremely high resistance millivoltmeter could these varia 
ns be neglected, and the design of a high resistance indicator for such 
w operating voltages is impractical without departure from the usual 
nstruction of moderately priced switchboard instruments. For this 
‘ason it has been found desirable to use a low resistance instrument, 
nd to provide additional means for compensating for variations 
sistance of thermocouple circuits. Accordingly, th 














Fig. 4 


Fig. 4. Coid junction mpensator 


ture indicator. Fig. 6. Lead resistance 


calibrated for use with an external circuit resistanc 

xternal circuit includes the thermocouple, all wiring, the bridge wind 
ings in the cold junction compensating box, and an adjusting rheostat 
The resistance of the circuit, or of each circuit where several circuits ar 
ised, is adjusted to 6 ohms by means of slide wire rheostats assembled 
in a lead resistance compensating box adjustment is made at th 
time of installation, and once it is fixed no further adjustment is ne 
sary. A portable Wheatstone bridge for measuring resistance is r 
mended for making this adjustment. If the hot junctions are above room 


temperature during this resistance adjustment, the mean of two reversed 


1 


readings of the Wheatstone bridge should be taken as the tr 
eliminate any error which might be caused by the e.m.f. of 
uple. The indicator can also be adjusted with a portable 
is a standard instead of a portable bridge 
Figure 2 shows a typical diagram for the indicator when 
machine having 6 imbedded thermocouples. The 7 
tance compensator is clearly shown. The copper sid 
ouple is brought through a separate conductor t 


compensator, wh re all circuits are adjusted 
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seventh rheostat, which is really two rheostats in series in the ret 
circuit, is used for bringing all circuits to the correct value of 6 ohms 

In large power plants it is sometimes desirable to measure the hot s 
temperatures of an entire group of machines upon one indicator 
connections for this arrangement are shown in Fig. 3. A separate 
switch is required for each machine or group of thermocouples, and « 
switch should be connected with one idle point, or else an additio: 
group selector switch should be provided. Due to the high resistanc 
copper-nickel cable and the considerable distance existing between 
chines, it is usually advisable to provide a cold junction compensat 
box for each group of thermocouples, as shown by group No. 1 in Fig 
An exception to this rule may be taken when the cold junction « 
pensating box can be located approximately midway between two | 
chines, as in groups 2 and 3 in Fig. 3, or located centrally in a grou 
that approximately equal lengths of copper-nickel cable may be use 
tween the compensating box and the respective machines. In either ev: 
it is necessary to provide enough lead resistance, compensating rheostat 
to take care of each thermocouple circuit individually. The lead resistan 
compensating rheostats may be located anywhere in the thermocoup! 
circuit, although the usual practice is to locate them on the instrum 
panel where they me be readily adjusted by inserting a portable brid 
in place of the indicating instrument. 

It is believed that the convenience and reliability of the imbh 
thermocouple, together with the ease of operation, freedom from troul 


panel where they may be readily adjusted by inserting a portable brid 


for this type of direct reading temperature equipment. 


The general impression is that alarm clocks are comparatively mode: 
inventions. As a matter of fact, an effective alarm clock, guarante 
awaken the soundest sleeper, was devised nearly three centuries ag 
this ancient timepiece the rays of the sun, concentrated through a 1 
nifying glass, discharged a small cannon precisely at noon. The bh 
cannon was firmly mounted on a marble base and was wound up 
loading with a teaspoonful of powder. Above the cannon was pl 
a burning glass mounted on struts, which could be adjusted to “‘stril 
the noon hour correctly at various months of the year. The touch | 
of the cannon consisted of a groove which paralleled the north 
south line of the dial, so that at noon the sun would be focused on t 
powder and make the primitive alarm clock strike. 

The first mechanical device for telling the time was doubtless 
clepsydra, or water clock, which appeared in Greece two centuries B. ( 
and was probably used even earlier in Babylon and China. The simp! 
form of water clock consisted of an earthen vessel with a small hol 
the bottom through which the water trickled, while the height of 
water marked the hour. 
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Type OB Watthour Meters 


Alternating Current 
(Westinghouse Electric & Mfg. Co.) 


HE real advantages of a watt 

"Tle meter are determined by 

the following factors: Its ability to 

register accurately under all load 

conditions; its < , to maintain 

this accuracy for long periods ol 

time with minimum attention and 

expense; its reliability; low inter 

nal losses; its independence of nor 

mal variations of temperature, 

voltage, power factor, wave form, 

and frequency; its independence of 

external magnetic disturbances, o1 

abnormal vibrations; its ability to 

Single-Phase OB Watthou: Meter start at very light loads, and its 
capacity for overloads. A meter 
should also be of light, compact and strong mechanical construction, 


easy to install and easy to test. 
The OB meter is so designed electrically that it meets the above re 


yuirements, and so designed mechanically that it cannot easily be thrown 


out of adjustment. These qualities give 
it the important characteristics of being 
able to maintain its initial high accura 
cy for long periods of service with little 
or no attention and maintenance ex 
pense. The accuracy is especially high 
at the lower end of the load curve, as 
it should be, because for the greater 
part of the time the actual load on a 
meter is but a small percentage of its 
capacity. Some of the factors which 





have resulted in these important char 
acteristics are: refinements of the de 
sign of the bearings, moving element, 
electromagnets, permanent magnet, reg 
ister, and case construction. 

Low friction and the efficient hys 
teresis characteristics of OB meters en 
able them to accurately register the 


ee olyphase latthour _—— 
smallest loads, such as bell-ringing Polyphase OB Watthour Meter 
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transformers, motor-operated clocks, etc. OB accuracy is not ath 


appreciably by varying voltage or frequency. A 10 per cent chan 
voltage will not affect the accuracy of the OB meter more than 0 
cent, and the maximum error for a 10 per cert change in frequer 
less than 0.5 per cent in a 60-cycle meter 

OB electromagnets are uniform, a characteristic which permits thi 
of a fixed power-factor compensator in single-phase meters. This 
correct compensation within = 1/2 per cent on power factors betw 
50 per cent lagging and leading. In polyphase meters the power-fa 
compensator is adjustable, but it is necessary only to check the pov 
factor compensation initially, the adjustment then remaining fixed 


purposely changed 








OB meters are remarkably accurate over their entire range. The 
reproduced here shows that all of the energy delivered to the consu: 


] 


is registered. Permanent temperature compensation, both in the elect: 
magnet and in the permanent magnet, is obtained by a method util: 
the physical change of materials with change of temperature 

OB watthour meters operate on the induction principle. In a pert 
meter the driving torque would be exactly proportional to the produ 
of the voltage, current, and power factor of the circuit, and the reta 
ing force would be exactly proportional to the speed—friction being 
sent—in which case a direct ratio would exist between the speed and 1 
energy passing through the meter, thus giving it absolute accut 
throughout its entire load range. The more perfect a meter is, the gri 
will be the percentage of work expended usefully in driving the d 
and the more direct will be the ratio between the speed and the ener 
passing through the meter at all loads. 

The OB meter more nearly approaches the perfect meter becaus 
(1) its high ratio of torque to friction, due to more perfect bearings 
registering mechanism; (2) more constant ratio between energy 
torque, due to more efficient design of the electromagnet; and (3) n 
direct ratio between effective torque and speed, due to the use of magi 


made of special steel, treatad, formed and aged by processes which ass 


permanency under the most severe service conditions 
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New Type Ultra-Microscope 
(E. Leitz, Inc. ) 


Li is well known that the resolving power of mi 


limitations since they are dependent upon the 


illuminating rays and the numerical aperture of the objective for their 


making visible such minute particles falling below the resolving power 
obtainable with microscopes 


It is in this direction that the Leitz Works have occupied themselves 


for quite some time in constructing a special Ultra-Microscope which 


1\ 


will offer renewed stimulus towards the quantitative 
loid particles and will furthermore, make it readily 
available an instrument for micro studies with 


specimens 


: pw 
Censt Lette,Wetzier 


The principal features of the new Ultra-Microscope are: it permits 
the examination of solutions as well as solid substances, improved type 
of optical bench giving free access to all table space; minimum of ad 
justment; improved pattern arc-lamp; adjustable and orientating slit 
reading to 0.1 mm; calculated depth of illuminated stratum in prepara 
tion permitting an eyepiece micrometer to be used and to calibrate th 


cubic measurements of the fleld of view. 


A quartz cell free from cement and easily cleaned, as well as amp! 
space for polarizer and accessories, are available. The apparatus is sim 
ple to manipulate, having definite index mark for its proper operation 
The illustration shows that the Ultra Microscope has but one movable 
component on the optical bench instead of the usual elaborate and com 


plicated arrangement which prevailed in the past 
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STUDY OF MODERN 
INDUSTRIAL OPERATION 


—reveals the importance of measurement, inspection and con 
trol. In the production of raw products, in the development of 
natural resources, in the production of gas and electricity, in 
the manufacture of all finished products, instruments are of 
vital importance. 

INSTRUMENTS devotes its entire editorial content each 
month to the discussion of the value of instruments and 
devices for measurement, inspection and control. These articles 
by prominent men and the editors focus the readers’ attention 
on this vital theme. These same readers rely on the advertis- 
ing pages for detailed information on the products mentioned 
in the editorial pages. 

The May issue of INSTRUMENTS can be of service to you 
in making it possible for you to reach an exceptionally larg: 
number of prospects, whether or not you attend the 


Twelfth Exposition of Chemical Industries 


to be held in New York City, the week of May 6th. Additional 
copies will be printed and distributed at the exposition. 


This reader interest can pave the way to greater sales for you 
if you tell the story of your products through a well planned 
advertisement in the May issue. 


Send in your reservation immediately. 
Final forms close April 29th. 


INSTRUMENTS PUBLISHING COMPANY) 


1117 Wolfendale Street Pittsburgh, Pa. 
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A New Directional Relay 


By C. L. Lipman, A.M.I.E. E. 


CAREFUL study of modern extra-high-voltage practice has re 
A\ weited the necessity for new and improved protective gear and 
relays, for experience has shown that the success of any protective scheme 
lepends largely on the reliability and suitability of the relays employed 
Amongst protective relays, the directional type is the most important 
it covers a wide and varied field of application, and, in view of the im 
portant improvements which have recently been introduced into this 
class of apparatus, its uses will undoubtedly be still further extended 
The new device is reliable and sensitive and offers a satisfactory solu 
tion to practically all modern problems involving the use of Directional 
Relays. It will select as to the direction of current flow, even should the 
voltage drop to as low as 1% of the normal, and when properly con 
nected to a three phase system, it will operate correctly, no matter how 
abnormal the phase relations between the current and voltage vectors may 
be during a short circuit. 
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The magnetic and electric circuits are illustrated in Fig. 1. The rotor 
D is in the form of a cylindrical cup which is free to rotate in the air 
gap between the poles of internal and external electromagnets I and O 
respectively; P is the main potential winding, C the main current wind 
ing; V the voltage compensating winding; F are power factor compen 
sating windings; R and Ri are resistances for calibration purposes. It 
will be noted that coil v is energized inductively from the main poten 
tial winding, and that coils F form a closed circuit of their own. The 
resultant potential flux ®P circulates along the path indicated by the 
chain line, thus acting upon the rotor D in a horizontal direction, whilst 
the flux °Q, due partly to the current coil C and partly to coil V, acts 
upon the drum in a vertical direction, i.e. at 90 geometrical degrees to 





Page 146 INSTRUMENTS April 


that of ®P. The resistance R' is so adjusted that the fluxes °P 
%Q) are also electrically displaced by 90 time-phase degrees. These 
ditions being satisfied a turning moment is exerted upon the moving 
tem by the combined action of fluxes 9P and 9Q. The polarity of 
coils C & P is such that with forward power they tend to hold the n 
ing system, and with it one of the relay contacts, against a stop, 1 
the inoperative position 

On the reversal of power the tendency to rotate is in the opposit 
rection, and if the reversal reaches the value of the reverse current sett 
the contacts will close and -the relay will operate. The action of coil \ 
unidirectional, and its effect is to assist, or oppose the current coi 
according as the flow of current in the controlled circuit is in the forw 
or reverse direction, respectively. It follows, therefore, that at nor 


voltage, the reversal will increase until it is sufficient to overcome 
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PERCENTAGE VOLTS o BUS-BARS 





3 Curve showing sensitivity of Type L.1 Relay at | 


neutralizing effect of coil V before the relay will operate. When, du 
a short circuit, the voltage drops, the neutralizing effect of coil V 1 
respondingly reduced, the relays thus becoming more sensitive 

Matters are so adjusted that the energy required to operate the 1 
decreases proportionately with the voltage, so that the reverse curt 
calibration, whatever the selected percentage value may be at nor 
voltage, remains practically constant for all voltages down to about | 
of the normal, hence the name “Reverse Current Relay.” The chara 
istic curve (Fig. 3) shows that operation is practically independent of 
voltage of the controlled circuit. 

A number of these relays have been installed with current coils w 
5 amperes normal (Secondary) current (= 100 per cent) and set t 
erate with only half of 1 percent reverse current at normal pressure, ' 
volt-ampere consumption of the current coil at this setting being of 


order of 0.0013. For ordinary purposes, however, this relay has ly 
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ndardized tO Operate with a 15 per cent revers 


iming less than | volt ampere at a full-load current of 5 ampere th 


lt‘ampere consumption of the pressure coil being ab 1.5 VA. at 

0 volts 50 cycles 

It will be noted that the load which the new relay windings place on 
the current and voltage transformers is so small that the accuracy of the 
meter installed in the same circuit is not affected. The new relay has in 
fact, been specially designed to work in conjunction with brushing-type 
current transformers of limited primary ampere-turns, and in this respect 
it is unique in its applications. The complete relay is illustrated in Fig. 3 
(with cover removed). It is fitted with an auxiliary contactor of an im 
proved design, the main contacts of which are capable of dealing with a 
trip circuit up to 2,600 watts, i.e. 10 amperes at 260 volts. The moment 
the relay contacts close circuit the auxiliary contactor operates and the 
process of tripping the main switch must go on until the latter is opened 
The relay is self-resetting and is fitted with an electrically-operated hand 
replaceable flag indicator which gives a positive indication of its having 
operated; it is also provided with hand testing and anti-vibration devices, 
other advantages being high working forces, combined with robust 
construction 

The standard relay is of the instantaneous pattern, but that illustrated 
in Fig. 2 is fitted with the Nalder-Reyrolle inertia cup which, when 
loaded with flat disks introduces a short inverse time-delay action. When 
sequential operation is required by means of time discrimination, the re 
lay is provided with a time lag device which gives inverse characteristics 
for ordinary overloads and definite minimum time characteristics undet 
short circuit conditions 
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[J 2. A Direct Reading Thermocouple Temperature Indicator for 
Electrical Machinery 
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A New Directional Relay 





STREET... . aie CITY & STATE 
COMPANY. 


POSITION 














INSTRUMENTS 
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I mproved 


Metallographic Equipment 


VERY characteristic of a metal influences its suit 
ability for any particular use to which it might be 
put. Not only the components, but the proximity, size, 
shape and distribution of those components are vital 
factors. 
By magnifying the surface of a piece of metal with the 
B&L Metallographic Equipment, these factors can 
definitely be determined. 
The mechanical construction of this equipment elimi 
nates all possibility of change in focus and therefore 
permits lengthy exposures even under high magnifica 
tion. 


Full information will be 
Sent on request. 


Bausch & Lomb Optical Co. 


St. Paul St. Rochester, N. Y. 


New York Chicago London 
Boston San Francisco Frankfort 
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The WESTON 
ELECTRIC 
SPEED 
INDICATOR 


N extremely sensi 
6 Mike tive and precise in 


strument applicable 
to all forms of rotational machinery 
The indicators may be calibrated in any 
desired units of measurement, and they 
may be located at points remote from 
the device whose speed is being meas 
ured. Accuracy is independent of size 
or length of connecting cables. Opera 
tion smooth and positive. 
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with these lenses is 
lters are given 
The Relations Between Field Illumination and the Optimum Visual Field for 
Observational Instruments. L. Martin and T. Richards. Trans. Opt. S 
Vol. XXX, No. 1, 192 8-29, pp. 22-33 
The paper describes some ¢ iments based on the apy 
patial induction’’ in vision to detern 
inder certain conditions. The results 
felds of view of binoculars, indicating tha 


doublet general 


ine the 
Nave bearing on 


small fields are better und 
Testing = for Roofing Felt. P. Codwise. Paper Tr. Jl., 
43- 
This paper reports the results of test five different t f felt M.B.R 
Proposed Method for Quantitative Fistesndindtion a Pitch n Wood Pulp. R 
Griffin. Paper Tr. Jl., Feb. 28, 1929, pp. 45 
Method briefly outlined M.B %, 
A Semi-Automatic Sheet Machine for Pulp Strength 
Paper Trade Journal, Jan. 31, 1929, pp. 63-65 
Translation of a paper in the Papier Fabricant, Aug , 1928 
described 
Temperature Control Apparatus. L. Richards. Jl. Opt. So 
131-137 
ay teen. Seacribes in apparat may be 
yntrol the tempera f either an air or water bat } 
A Recording Phctoskiateic Color Analyzer. A 
1929, pp. 96-117 
This paper describes in considerable detail 
color of reflecting surfaces 
The following parts are considered: Optical Syst . PI I 
tion, Amplifier, Method of Recording, Precision, Integrating Attachment 
Tests for Paper Quality. R. C Griffen. The Purchasing 
pp. 275-278 
This paper discusses the micri pical, physical, chemical and spe 
1 suitability of paper M.B R 
Equipment for Measuring Lightning Voltages. Ed. Bex 
1929, pp. 325-326, 340 
Abstract of a paper in Scientific Monthly Apparatus by tud 
nsients on actual power transmiss lines is described M. B R 
The Baker Automatic Release ram Dropping the Meteorograph from a Register- 
ing Balloon at a Pre-Determined Height. L. Dines. Inst. World, Mar 
1929, pp. 337-338 
Paper read before the Royal Meteorological Society. The apparatus is briefly d I 
Some Interesting Applications of a Rotoscope. Inst. World, March 1‘ 
341-343. 


A number of unusual applications are cussed.—M.B.R 
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Review of Recent Patents 1 
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United States Patents 


LIQUID - DE PTH - INDICATOR - DEVICE. LIQUID-LEVEL INDICATOR, | 
H K Berkeley, Calif., assigt McNeill, Forest Park, III 
Rises ley Cory Pat. N l Be ler Room Improvement ( p 
M. AGNI TIC Py ROME TER. Thomas Spoor FLOW METER AND THE LIKI 
Pa gnor to West ag mpson, Schenectady, N. \ 
ngh« "y ‘ve c. & Mfc Cx Pat. N gn by mesne assignment t 
697 148 M. ter Company Pat N ¢ 
MAXIMUM DEMAND ME TER. David ( GAS ME TER. Arno R. Huettig, St 
Da is. Chester, Pa y t West Conn., signor t Americar 
vhouse Ele< & Mio Co. Pat N Company fe Pat. N 1,699.1 
1,697, 16¢ DEPTHOMETER. Wilfred H. G 
CREST VOLTMETER. Charles Le G Emery Van Gundy, Los Angel 
Fortesque, Pittsburgh, Pa ssignor t Pat. No., 1,699,235 
Westinghouse Elec. & Mfg. ( Pat TEMPERATU RE -RE BGUL ATING APPARA 
No. 1,697,177 TUS. The wland 
osc ILLOGRAPH GALVANOMETER. Pa Soe io, a“ atertown, M 
seph Legg Witkin sburg, Pa., a signors t Hood Rubber ( Pp 
nor to Westingho Elec. & Mfg 1,699,29¢ 
Co. Pat. No. 1,697 191 THI RMOSTATIC CIRCUIT CONTROLI 
FREQUENCY ME TER. rd E. Lenehar ER. Corel A. Stillwell, lor M 
X Ikinsburg, " signor to Westing Pat. No. 1,699,317 
Be ie & Mfg C Pat. N THERMOSTAT. if on H. Grays s 
; ite, Calif. Pat. No. 1,699,468 
1,697,192 
WAVE METER Paul MacGahan Pitt MI ASU RING MAC HINE. 2) 
burgh . sion rt Westinghouse Schmidt, Cincinnati, Ohi iss 
Elec. & Mfg. Co. Pat. No. 1,697,19¢ de a nnati But hers’ Suppl 
MEASUREMENT AND REGULATION TE + 
SUR - — ieee STING APPARATUS FOR MEASUR 
gg Rea Campbell, g eon ING THE COMPRESSIBILITY O! 
a ee eee Tig corer BODIES SOFTENING WHEN COM 
re ee ee PRESSED. Hans Hirsch ar 
Co. Pat. No. 1,697,344. — Hecht, Berlin, Germany. Pat. N 
ELECTRICAL MEASURING APPARA- 699.589 
TUS. Chas. Hilaire, Henri Roda TESTING DEVICE. Nils A. W 
rsailles, ‘Fran e€, assignors t Societe W ilkinsburg Pa assignor t \\ 
Anonyni E stablis nts Ed Jaeger house Ek & Mfg ‘ ye 
Pat N 1,697,369 499 794 
SPI E DOME TER, Cyril T. illis, Roches ELECTRICAL MEASURING _INSTRI 
Y., assignor to North East Ele MENT. Albert Callse: N 
tr c ) Pat N 1,697,580 Germany, assignor to Westing 
Ti MPE RATURE CONTROL APPARA- t & Mfg. Co. Pat 1,69 
TUS. John A. Spencer, Revere, Mass., PRESSURE -DISTRIBU TING DEVIC! 
gnor to Spencer Thermostat Co. Pat ning is R oldsborough, Wilk 
N “1,6! 17 886 irg Pa., signor to West 
FLOW METER. Harold H Mapelsden Bla & Mfg Co Pat. No. 1,699 
Schenectady, N. Y., assignor by mest ELECTRICAL MEASURING _ INSTRI 
assignments to Bailey Meter Co. Pat MENT. mil H. Greibach, Pitt 
No. 1,698,314 Pa., assignor to Westinghouse | 
— & Mfg. Co. Pat. No. 1.699,73 
J incis B. Smith 
— eee” _ 7 be mcame az cen CONTROL APPARATUS. Harold | 
ae tA, ek ae Wilkinsburg signor to W 
Co. Pat. No. 1,698,701. Elec. & Mfg. ( Pat 
— eden : ok 90 
OT tae ae ee ELECTRICAL MEASURING _ INSTRI 
nt ee ia” ae ey ' MENT. Raym: nd T. Pierce, M 
ee ees mae ee es N J., assignor to Westingh 
6 8.88 , Mf; "C Pat No 1,699, 
AUTO OML-MEASURING D DE ECR. At REVE eRSIBLE FLOW METER. 
rew I arsnaiil, arrisDur il., s Conr t. Pri vidence R I , 
signor of one-half to George W. Mit Nuit tove ‘Cinat Pasiaidens ML as 
dal. Geiss Of. Pex, 1.698 2) rs Ir Found: Pa 
589 in METALLIC THERMOSTAT. Law: 
LIQUID-LEVEL INDICATOR. Jack D Marshall, Cambridge, Mass 
Sartakoff, New York, N. Y. Pat. Ni to Spencer Thermostat Comy 
1,498,969 No 1,700.17 
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On Multiple Reflection Within a Symmetrical Optical Instrument. 
Opt. Soc., Feb. 1929, pp. 75°81 
Ga » ¢ ‘ ¢ ] 

r 

sable as th f 

nd re 


Planimeter. K. Trott. Zs. Feinmechanil 


Practical Consideration for Gas Analysis. (| 
tische Untersuchungen.) G. Neumann and Strat ( \ Eise 
huettenwesen, March 1929, pp. 557-574 

rtich va th ' ‘ 
for I 


ition < the I t 


Discharge Coefficient of Square-Edged Orifices for Measuring the Flow of Air 
H. Bean, E. Buckingham and P. Murphy. B. of S. Jl. R Mat 1929 
pp. 561-658 
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static pressul [ 


The acc y tf th I It it tat , R 
Heat Treatment and Testing of High Speed Steel Tools. (Wa 
und Pruefung von Schnellarbeitstahl-Werkzeugen.) F. Ra 
Eisen, Feb. 21, 1929, pp. 250-2 
The article discusses the bility of test 1 st t 
Transmission of Sound Through Wall and Floor Structures. V. | er and W 
Snyder. B. of S Jl Res., March 1929, pp. 341-559 





if iper 
i ry Ils I 
tha g 
ind fl ve (3) 
Tl esults \ I 
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S 
vari 


The Cilbention 


of Pendulum Impact Machines (Das Ei 


P 
werken.) Max Rudeloff. Messtechnik, Feb. 22, 1929. py 
[he Rudeloff machine for tests on freely rest 
Jescribed. The result t I t f test 
Precision Bridges for Direct and Alternating Current. (Praczi ressbrueck¢ 
fuer Gleich-und Wechselstrom.) O. Zwierina, Messte ik, Feb ) 
1929, pp. 38-44 
The article discusses the { 
hio-frequency 
Oscillation of Pressure in Pipe Lines During Time Closure. E. P aper 
4715, Institution of Civil Engineers 
A graphic and an alters tabular method of 
8 ribed which ire 
The tabular meth 
flerent mod ned. TI 
ind to agr n all r 
tabular method as applied to t e of hat lly ryit retar 
Method of Testing Clay, Talc and Agalite. D. D. Vong. Paper Tr. Jl., March 14 
1929. pp 55-57 
Paper presented at the Annual Meeting of the Technical A P I 
Method is outlined 
Some Aspects of Freeness Testing. D. S. Davis. Paper Tr. Jl, M 14, 1929 
pp. 60-63 
Paper presented at the Annual Meetit f tl I 1A tion of P | | 
P per iss mbl 5 ind I ! h } I if tl ta ll t 1 
Paper Company 1 this fel 
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PRECISION INSTRUMENTS for | 
AUTOMOTIVE LABORATORIES Re 


AIR FLOW INDICATORS, FUEL FLOW INDICATORS AND SLOW MOTION 
STUDY EQUIPMENT. 



































TWO NEW INSTRUMENTS for recording cylinder pressures from all cylinder f Fas 
ternal combustion motors at the same time and in phase ar lak Ar 
your requirer ts will bring detailed information | 
— eS es oe om om M. 
COMMERCIAL ENGINEERING LABORATORIES | Qu 
Makers of Fine Instruments | 
4612 WOODWARD AVENUE DETROIT, MICHIGAN an: 
To 
4 ” I 
A Model Testing Laboratory rit 
as Au 
and a Book.... 
I 
Engineers are invited to visit a demonstration labora- , 
lane at these works where ph hee equipment is on Th 
lisplay. If this is impossible write for a booklet covering 
THE ELECTRIC TELEMETER, WHITTEMORI 
STRAIN GAGE, HUGGENBERGER TENSOMETER, 
BEGGS DEFORMETER, and EMERY TESTING pe 
MACHINE pe 
SOUTHWARK FOUNDRY and MACHINE CO. 3 
400 Washington Avenue 
Philadelphia, Pa. At 
a Tri 
| S 
> yr N IV A4 An A | 
PYRO OPTICAL PYROMETER Ne 


With Direct Reading Iron Scale—No Charts to Consult 
sy 





} We =_~ Th 

i 

: Easy to Use. Practically n 
Accurate 


automatic in Ho 


Economical operation. 




















— ~~ I 
Entirely self contained in one small unit—Weight 3 pounds. siti 
THE PYROMETER INSTRUMENT COMPANY Cor 
50 Howard Street New York, N. Y. 
EMAg) 
Pe ~ INSTRUMENTS 


INDICATORS for all Types of Reciprocating Engines 
TORSIOGRAPH for Recording Angular Deflections, Degree of Torque Irregula 
Critical Speeds, Torsional Oscillations, etc 
VIBROGRAPH for Recording all Oscillations and Vibrations from the Li 
the Highest Frequencies 
RECORDERS for Measurement of Stress, Expansion, Deflection, Impact, Relat 
Movements of all kinds, etc son 
PHYSICAL TESTING MACHINES for Determining the Physical Properties of A D 
Materials rang 





Lehmann & Michels, Abt. I, Hamburg-Altona, Germany nd 


Write for Catalogues. 











When writing to the above companies mention INSTRUMENTS 








April, 1929 INSTRUMENTS 


Stopping Corrosion by Hydrogen Ion Control. | 
dy 8, pp 1038 1040 
Motte Cl 


Vi on Permeability a Sesiee to Liquids. Allen Abrams. Paper Tr. Jl., Feb 


28, | 1929, 2p. 40-42 
‘ cor tt ft I nical Ass 
Method of ring degree of 


i 


M.B.R 


McCrumb. Power, Dec. 25, 


Fastness to Light of Colored Paper. W. Appel and 


Feb 28, 1929. pp 4? 
paper briefly reports on questior { the ( 
M.B.R 
Quantitative Analysis of the Sun. H. Russel. S« 
316-317 


ctros ee M.B.R 


fontenel Vibrations Break Crankshafts. E. C. Magdeburge: 


1929, pp. 371-373 


Automatic Heat Balance Regulation. J. Hoera 
956-957 





T. Bentzen. Paper Tr. Jl., 


The nstruct f f . e } 
The Assay of Coal rie err all si Picante. Technical 
ment of Scientific and Industrial Research 
s t nuation of Fuel R rch T P N 
parat s t t in the laboratory ex f 
pniisat 1 is | 
A It } ‘ P 
TH r  . 
lly with the ass f y t t 
A rather larger scale apparat M.B.R 
Transmission Testing of Central Office Circuits. H. Doug! 
mearc! ) 1929, PP 283 286 
riot MBI 


Sever t ril , 
Notes | on Posctionl Pyrometry. G. Brook and H 
5 296 
1929, pp 29- 
Paper read bet th In: 
The Schweydar Two-Component Seismograph. 
335-336, 


T) riptior f this tr t A 


the Stars. C B Neble te. Photo-Era, De 


The fact that th nes of the trum of 


Inst 


y or receding 


of the method made wie of nt is given.—Abs. Bull 
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} 


k R | 


American, April 1929, pp 


Powe Feb 6 
Yec. 11, 1928, py 


How Photography Aids the Astronomer in Determining the Rate of Motion of 
1928, 


5 2) 


44 


Continuous Tachymetry from an Automobile for Military Reconnoitre, Route 
Marking, Explorations, and General rege F. Haeusler. Kino 





technik, Aug. 5, 1928, pp. 409-413 an dz 
) ipt of an application of nematography to r | 
base, 1 f f 1 ¢ } ' | 
ht er etl 
f OO; f j 
l h a refl 
ne Abo 
juipment 
it hil helene Sos 
] leit 
’ +} r ' 
{ 1. Me } 
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gnment for 1 TI P pre 
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Aug 20. 1928. pp 432-434 
neral rapt l s vs A 
I raj irvey \ 
la t si ] 
ery rapidly | 
] tatabl ; 
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} ' tin 
1od4 f sll 
1 shot 
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Instruments Book Shelf | 

Orders for copies of the books reviewed in this section can be sent to 
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fl 
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Instruments Book Shelf, care of Instruments Publishing Company, 
1117 Wolfendale Street, Pittsburgh, Pa. 
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VIBRATION PROBLEMS IN ENGINEERING. S. Timoshenko. D. Vai 
trand Co., New York,-N. Y., 1928. Cloth 6x9, 351 pages, 1 
Price $4.50 postpaid 


REVIEWED BY RICHARD RIMBACH 


Manufact 
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FINDING AND STOPPING WASTE IN MopERN BOoILER Rooms. Ge 
Gibson. Cochrane Corporation, Philadelphia, Pa., 1928. FI 


cloth 5x7, 804 pages. Price $3.00 postpaid 


I } 


Soe 


IMPURITIES IN METALS. Colin J]. Smithells. John Wiley & Sons, | 


New York, 1928. Cloth. 157 pages. Price $5.00 postpaid 


REVIEWED By RICHARD RIMBACH 


nt Met! S 
S M \ Metals; The Structur Pure M 
S I AI] The Influc M Constituer Struct The Inf 
Const M ma M The Inf f M ( 
the | Met M ( ( 
Metal 

F xt. 7 


liq 
AMERICAN ANNUAL PHOTOGRAPHY 1929. Frank R. Frapie. Amer 
Photographic Pub. Co., Boston, Mass., 1928. Paper 744x934, 
pages. Price $1.00 postpaid 
REVIEWED BY M. BerG RIMBACH 


Amer prof 1 and cot rcial photographer Th 
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1929 INSTRUMENTS P 


Measurement of Local Iron Losses. (M« 


P. Lombardi. Arch. Elekt.. Feb. 15, 1929 


The Variation in Engine Power with Altitude Determined from Measurements 
in Flight with a Hub Dynamometer. W. D. Gove. N.A.C.A. 1 R 


it \¢ 
et No 295. 1928 


B 
dunes on the Development of a Hot-Wire Descent Meter. G G 
I W Meredith Aero Research Cor R. & M N 
* ; ; | 
een a ete Caeeaine. Part I. General Discussion. Part Il. The ( 
Flat Disk Without Control Sprit Ae ee \ R ( 
R. & M No 1136, 1927 
ie coaitianinn of Seiasen Currents. \ N. Goodw ri 5 M 


Eng., 1928, pp. 364-378 


On a ine Machine for Measuring Displacements on Seta Spectrograms. M 
Hamy. Astrophysi _ Jl., Dec. 1928, pp 


4 } 


Seieedine of Data from Measuring Instruments with the Motion Picture Camera 
Fink. Kinotechnik, Nov. 20, 1928. 


ral inst! 


e. TR¢ 


New Photographic Recording Oscillograph to be Used in Studying Lightning. 
Photo-Era, Nov. 1928, pp. 279 


riment will aid in determinit t 

missior Al Bull. K k R I 
Systematic Control in the Production of Motion Pictures. R. N 
Soc. Mot. Pict. Eng., 1928, pp. 310-316 


| 1 


The author dis 
Ns) value Jetermined 
Quantative methods thr | 
Kodak Res. Labs 
Errors in Observation in Surveying. H. C. Mitchell. Mili er, Ma 
April, 1929, pp 106 11] 
The errors are cl fi 
An Interlaboratory Comparison of Colored Photometric Filters. E. Crittend 
A. Taylor. Trans. I.E.S., Feb. 1929, pp 153 207 
I paper report I t t tf rement t ! Dor 
pectrophotomett I ts f i 
lor temperat f K l 
liatior Trans t M 
1 by equality-of-brightr 2 Om a ' 
thos Sd deted from the spectral transmis but tl 
screpancies between laborator Different | 
jifferent result | 
project 1 t est lish very rel bl I 
ll as to show th 
for standard val 
European Metering Pr actice. J Langdell. El. World, March 16, 1929, p. 544 
Multiple-rate meters | 1 or nt of d t 
ation of frequency and lta I 1 licat f 
instruments 
Diktens. Reading Instrument Panels. Inge Prog R Mar h 1929, pp. 67-69 
This article describes th ght-point ‘4 7 t I A. -( 
Strength Testing Machines for leahessaiie Ssohebes md W. Deut 1 G. Fiel 


Engg. Prog., March 1929, pp. 77-83 


tyr { 
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Cylin: 
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f Buyers’ Guide ! Pe 
l (] Dial 
° ° ° Fed 
Instruments and accessories used for measurement, inspection or Differ 
. . . . Fes 
fl centrol in the industries and sciences. Draf 
: sri 
eo ee Se SS SS = 
If you are unable to find what you require in the Buying Section of Instruments Tay 
Industrial and Scientific write us and we will obtain full particulars for you without Dri 
charge. Give complete information of requirements. Grind 
ACIDITY RECORDERS CONTOUR MEASURING PRO- Stroke Liquit 
Leeds & Northrup Co JECTOR Bristol Company Bris 
AIR FLOW INDICATOR Bausch & Lomb Optical Company — Lehmann & Michels Bro! 
Commercial Engg. Labs CONTROLS, AUTOMATIC ae Seng RECORDERS Lee 
ALIDADES Condensation is & Northrup ¢ Tag 
ALTIMETERS Tagliabue Mfg. Co., ©. J CURRENT REGULATORS Taj 
Tagliabue Mfg. Co., C. J a CYCLE COUNTERS = 
Taylor Instrument Companies otc = oh lee a . CYLINDERS-GRADUATEL pote 
AMMETERS—Indicating —— ee SF Hiergesell Bros — 
Rawson Electrical Instrument American Radiator Company lagliabue Mfg. ¢ ( Brot 
Company Gravity ‘es aio Teschner-Myers Co., In 7 
Weston Electrical Inst. Corp Tagliabue Mfg. Co., C. J DEFORMETER (Beggs) Tag! 
Recording Humidity . Southwark Fdry. & Ma Tayl 
Bristol Company Leeds & Northrup ( DEMAND METERS Pressu 
ANEMOMETERS Tagliabue Mfg. Co., C. J DIVIDING HEAD Brot 
Taylor Instrument Comp Taylor Instrument Companies Optical Lee 
Ante TESTING EQuIP- ag ree ny' a Temperature Rausch & Lomb Op 
Leeds . DRAFT GAUGES—see Gauge 
—* TESTING APPARA.- Pagliat ue > Mt Co. e..j DYNAMIC BALANCING 
aylor Instrument Companies EQUIPMENT 
ne eg Bros Liquid Level Electrocon Corpor , 3 
Tagliabue Mfg. Co., C. J American Radiator ( * , $ Lee 
eaLaueas Rristol- Compan | EARTH CURRENT METERS ment 
Tagliabue Mfg. C¢ C. . peng Pay le 
BAROMETERS—Aneroid Mercur- a... lat : ELECTRIC TELEMETER netie 
Hiergesell ros American Radiator Company S ark Fdry. & Macl athe Baus 
Tagliabue Mfg. Co., C. J Pressure & Vacuum we RECORDERS. Rain 
Taylor Instrument Companies cong “ ae ——— St a 
BATTERY TESTERS arent nore ENGINE INDICATORS Dieta 
Weston Electrical Inst. Corp Tasliabue Mig. Co. C. J unn & M Brist 
BRAKE TESTING METER master Saateumant Companies EXTENSOMETER Strain 
Leeds & Northrup Co. Pyrometer : (Huggenberger ) Sout! 
BRIDGES, ELECTRICAL aeteaek Chmeane thwark Fdry. & M Water 
Capacitance, Conductivity, Hoopes Brown Instrument C¢ FAULT FINDERS Brist 
y Inductance, Kelvin, Resistance, Leeds & N rup ¢ Leeds & North Wind 
; Temperature, Wheatstone Taylor Instrument Companies Weston Electri r Tayle 
Leeds & Northrup Cc Wilson-Maeulen ( ompany, In FLASH & BURNING POINT GOVE! 
CABLE TESTERS Refrigeration TESTERS Preseut 
Rawson Elec. Inst. Co. American Radiator Company Hiergesell Bros Leeds 
CALORIMETERS—Peroxick Leeds & Northrup ¢ Tagliabue Mfg. Co Tagli 
Oxygen Bomb, Gas Recording Tachometer Taylor Instrument ( Pump. 
Burgess-Parr Co Brown Instrument ( FLOW METERS Tagli 
CARBON DIOXIDE METERS Leeds & Northrup ( Brown Instrument ( GREAS 
Brown Instrument Co Temperature-Time FLUXMETERS ; TU 
Leeds & Northrup Co Leeds & Northrup ¢ eeds & Northrup ¢ Tagl 
Tagliabue Mfg. Co., C. J Tagliabue Mfg. ¢ c. J Heme m Electrical ag 
CARBON MONOXIDE METERS Taylor Instrument ( FREQUENCY METERS ows 
Leeds & Northrup Co Thermometer Indicating Lass 
Tagliabue Mfg. Co., C. J Bristol Company Leeds & Northrup ( ot 
CHRONOMETERS Brown Instrument Co Weston Elec. Inst ee 
Tagliabue Mfg. Co Hiergesell Bros. Controlling le 
CLOUD. & POUR TEST AP. Henk a Nothtup © Leeds & Northrup BY 
PARATUS Tagliabue Mfg. Co., C. J Recording ao 
Hiergesell Bros. Taylor Instrument Companies sristol ¢ comes wy HARM 
Tagliabue Mfg. Co., Wilson-Maeulen Company, In Leeds & thrup Mi 
COIL TESTING EQUIPMENTS Thermostat FUEL ANALYSIS APPARATUS wed 
Leeds & Northrup Co American Rediator Company Burgess-Pa a 
COLORIMETERS Bristol Company FUEL FLOW INDICATOR Mease 
; Hiergesell Bros. Taylor Instrument Companies Commercial Engg. Lat 4 ried 
Tagliabue Mfg. Co.. Time GALVANOMETERS wane 
OC ies CONTROL | Stromberg Electric C¢ Leeds & Nort! oo = ¢ 
EQUIP Tagliabue Mfg. Co., C. J Weston Electrical srt 
Leeds & Nerthrep Co Unit Heater GAS OO AL NTICAL, WETE RS -) — 
gg American Radiator Company Chemical Ts “9 
Taylor Instrument Companies Valve—Motor Operated Tagliabue Mfg. Co., ‘ —— 
COMPARATORS American Radiator Company a pod ta HYbne 
Federal Products Corp Bristol Company Leeds rthrup ¢ Indicati 
CONDENSERS—Electrical Taylor Instrument Companies GAS LEAK. INDICATORS peng 
Leeds & Northrup Co Water Level Taylor Instrument Cot HYD Re 
CONDUCTIVITY METERS American Radiator Company GAUGE RODS Hi ° 
Indicating, Reeording, Controlling Bristol Company Tagliabue Mfg. Co Taeli, 
Leeds & Northrup Co Tagliabue Mfg. Co.. C. J GAUGES Tarlor 
CONSTANT SPEED & FRE- COORDINATOGRAPHS Absolute Pressure HYGRO 
QUENCY SETS COUNTERS—Revolution Tagliabue Mfg. Co., — 
Leeds & Northrup C« Bristol Company Taylor Instrument Cos mone 
CONCENTRATION RECORDERS Leeds & Northrup Amplifying je 


Leeds & Northrup Co Lehmann & Michels Federal Products Cort 





6 Gee Cee! Cee eee 





April, 1929 


Comparator 
Federal Products Corp 


Cylinder 
eral Products Cort 
Depth 
Federal Products Cory 
Dial 


Federal Products Cort 
Di ferential Pressure 
sliabue Mfg. Co 
Rin 5 
Bris to] Company 
wn a Co. 


Tagliabue Mfg. Co., C. J 
Taylor featrume ent ( anie 

Drill 

Bausch & Lor Op ( y 
Grinding 

Federal Prod Cor 


Liquid Level 
Bristol Company 
Brown Instrument Co 
I is & Northr ( 
Tagliabue Mfg. ‘ ( J 
Taylor Instrument C 
Pitch Diameter 
Federal Products ¢ 
Pressure 
Bristol Company 
Brown Instrument (¢ 
Leeds & Northrup ¢ 
Tagliabue Mfg. ¢ ( J 
Taylor Instrument ¢ I 
Pressure—T em perature 
Brown Instrument ( 
Tee s&N rthrup ¢ 
Tagliabue Mfg. ¢ ( 
Taylor Instrument Cos 
Pressure & Vacuum 
Bristol] Company 
Brown Instrument C 
Leeds & North: ( 
Tagliabue Mfg. ‘ ( 
Taylor Instrument Compar 
Profile 
Bausch & Lomb Optical Company 
Rain 
Taylor Instrument Compa 
Recording 
Distance 
Bristol Company 
Strain 
Southwark Fdry. & Mach. 
Water Level for Boilers 
Bristol Company 


Wind 
Taylor Instrument Companies 
GOVERNORS 
Pressure 
Leeds & Nort! ( 
Tagliabue Mfg. ¢ ( J 
Pump 
Tagliabue Mfg. Co., ¢ if 
GREASE TESTING APPARA.- 
TUS 
Tagliabue Mfg. Co., C. J 
GROUND DETECTORS 
Leed & Northrup ¢ 


Weston Electrical Inst. Cory 
GROUND. OHMER 

eds & N ( 

Herm an H. Sticht & Company 
HARDNESS TESTERS 
Wilson-Maeulen Company, Ir 
HARMONIC ANALYZERS 
Leeds & Northrup ¢ 
HIGH VOLTAGE 

Measuring Devices 

Testing Devices 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 

Brown Instrument Co 

leeds & Northrup (¢ 

Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYDROGEN ION METERS— 
——e Controlling, Recording 

1 Northrup (¢ 

HYDROMETERS 

Hiergesell Bre 

Tagliabue Mfg Co., C. J 
Taylor Instrument Companies 
HYGROMETERS 

H ergesell Bros 

Tagliabue Mfg. Co., C. J 
Tayl rr Instrument Companies 
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IMPACT TESTING MACHINES 
Alternating 

INDICATORS—See Gauges 
INTEGRAPHS & INTEGRATORS 


Lee & Northrup ¢ 
INSTRUMENT alata 
AND Pe tae 


INSTRUMENT TRANSFORM. 
ER 


eston Electri Co 
INSULATION TESTING EQuip- 

MENT 

Leeds & rthrup ¢ 
JOB Lassen RECORDERS 
KEYS AND "SWITCHES 

Leeds & Northrup ¢ 
KLYDONOGRAPHS 
LACTOMETERS 


Tagliabue Mfg. Co., ¢ J 
LEVELS 
Centering 

Bausch & Lomb Optical Cor 


Engineer's, Wye, Precision 
Prism 
Taylor Instrument C 
LOCOMOTIVE, INDICATORS 
Lehmann & Michel 
MANOMETERS 
EASTER at 
tromberg ae 
MEGOMMMETERS 
keds & Northrup ¢ 
iaon an H. Sticht and Company 
MEGOHM vty lg 
Weston Electrical In 
MELTING POINT APPARATUS 
Hiergesell Bros 
Tagliabue Mfg. Co., C. J 
MICROAMMETERS 
Raw vson E lectric al Instr iment ¢ 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Ir 
ee nee ee 
N rthruy { 
eae Electrical ‘taal Corr 
MICROSCOPES 
Brinell 
Bausch & Lomb Optical Company 
Metallographiec 
Bausch & Lomb Opti 
Petrographical 
isch & Lomb Optical Company 
Toolmakers’ 
Bausch & Lomb Optical Company 
MILLIAMMETERS 
Rawson Electrical Instrument C 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Inc 
MILLIVOLTMETERS 
Bristol Company 
Rawson Electrical Instrument ( 
Taylor Ir strum ent Companies 
Weston Elec Inst Corp 
Wilson ee len Cc yvany, Inc 
MOTION RECORDERS 
Mechanical 
Bri 1 Company 
I 1 & Micl 
MULTIMETERS 








il Company 


MULTIPLIERS 


& Northrup ¢ 
We ston Ele Inst. Corp 
OHM METERS 
Is & Northrup ¢ 
Rawson Electrical Instrument Ce 
Herman H. Sticht and Company 
Weston Electrical Inst. Corp 


OIL TESTING APPARATUS 
Hiergesell Bros 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Teschner-Myers Co., Inc 
OIL TESTING EQUIPMENT 
OPERATION RECORDERS 
Electrical 
Br istol Company 
eds & N p ( 
Tagliabue Mfe Cr cz 
OSCILLOGRAPHS 
OXYGEN RECORDERS 
a 1 & Northrup 
liabue Mfg. Co., C. J 
PANTOGRAPHS 


Page 


PERFORMANCE METER 
PERMEAMETE RS 


Leeds & Nort ( 
PERISCOPES 
Bausch & Lomb Optical Company 


PHASE INDICATOR 
PHASE SEQUENCE INDICA 


TOR 
Herr Hi. S t ¢ 
PHOTOMETERS 
Sausch & Lomb Optical ¢ 
I & Northrup ¢ 
PHYSICAL TESTING MA- 
CHINES 
Southwork Fdy. & M ( 
PLANIMETERS 
Linear 
Le nn & M 
Radial 
Bristol Company 


POSITION RECORDERS 
Bristol Company 
POTENTIAL DETECTORS 
Leeds & Nort p 4 
POTENTIOMETE RS—iIndicat 
ing, ig poh dg Recording 
I 3 & Northrup ¢ 
POWER FACTOR METERS 
Weston Electrical Inst. Cory 
POWER FACTOR REGULA. 
TORS 
PRESSURE METERS 
PROCESS TIMING AND SIG 
_, NALING INSTRUMENTS 
- Electr C¢ 
PROG RAM ace aap gies 


PROT RACTOR 


Optical 

Bausch & Lomb Optical Company 
PSYCHROMETER 
Recording 

Leeds & Nort ( 


Tagliabue Mfg. Cc CJ 

Taylor Instrument Cos 
Sling 

Hierge sell Br s 

Taylor In 
PYROMETERS 
cone 


ent Companies 


& t 

P yrometer ¥ strument Company 
Radiation 

Indicating 

Leeds & Nort ( 

Pyrometer Instrument Company 
Taylor Instrument Companies 
Recording 

Leeds & Northrup ¢ 

Taylor Instrument Cos 
Thermo-electrie 

Immersion 

Bristol Company 

Leeds & Northr ( 

Pyrometer Instrument Company 

Taylor Instr ntCompanites 

Wilson-Maeulen Company, Inc 
indicating 

Bristol Company 

Brown Instrument | Co 

Leeds & ’ 

laylor Instrument ¢ a 

Wilson-Maeulen Company, In 
Recording and Controlling 

Bristol Company 

Brown Instrument Co 

Leeds & N 
Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Surface Contact 

Bristol Company 

Leeds & Northrup ¢ 

Pyrometer Instrument Company 
Taylor Instrument Companies 
REF RACTOMETERS 

fZausch & Lomb Optical Co 
REGULATORS—See Controls 








hrup €¢ 


Weston Electrical Inst. Corp 
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REMOTE METERING EQUIP- 
MENT 


NX ‘ 
RESISTANCES Electrical 
« 4 

noroscore 

Commer il Engg La 
SACCHARIMETERS 

Sausch & Lor Opt 1 « 

Taylor Instr nt ¢ 
a ce 

if al Mf ( ( | 
SCRATCH HARDNESS TESTER 
SHUNTS 

I & Nor ‘ 

Weston Electr Ir Corp 
SIGNALLING DEVICES—Auto 

matic 

S ( 
SLIDE RULES 
SPECIAL INSTRUMENTS 


turgess-Parr ¢ 


Hiergesell Br 
SPECIAL ELECTRICAL IN- 
STRUMENTS 


’ I ~ 
I & ( 
Raw il 11 € ( 
W 1 l ( 
SPECT ROSCOPES 
& Lor Opt ( 
SPECTROPHOTOMETE nS 
Lor oO; 


SPEED INDICATORS 
See Tachometers 
STANDARD CELLS 
Weston Electr il Inst. ¢ 
STEEL TAPES 
STRAIN GAUGE 
Southwark Fdry. & Mach. ¢ 
Sr eee yg rg 


STROBOSCOPES 
mmercial Engg. Labs 


SULPHUR oe METERS 


& 4 
Tantlanes g. Ce ae 
SULPHUR DETERMINATION 
APPARATUS 


Burgess-Parr Co. 
Tagliabue Mfg. Co 
SUNSHINE RECORDERS 
eds & 
fayl r Instrument Companies 
SURGE RECORDERS 
SYNCHRONIZING FORKS— 
Electrical 
& Nort p¢ 


INSTRUMENTS 


TACHOMETERS 

Bristol Company 

Brown Instrument Cc 

Lee & Northrup ¢ 

Pyrometer Instrument Company 

Herman H. Sticht & Company 

Weston Electrical Inst. Corp 
TELESCOPES 

tausch & Lomb Optical ¢ 
TENSOMETER (Huggenberger) 

ithwark Fdry. & Mach 

TESTING MACHINE— 
Universal 

Southwark Fdry. & Mach. ¢ 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 

Rawson Electrical Inst. Ce 
THERMOMETERS 
Gas Filled 

Bristol Company 

Brown Instrument Co 

Taylor Instrument Companies 

Tagliabue Mfg. ¢ C.J 
Mechanical 

Brown Instrument Co 


Tagliabue Mfg. Co., C. J 

Teschner-Myers ¢ Inc 
Mercurial 

Hiergesell Bros 

Tagliabue Mfg. Co., C. J 


T aylor Instrument Cos 
schner-Myers Co., In 
Resistance 

Brown Instrument Co 

Lee & Northrup ¢ 

Wilson-Maeulen Co., Inc 
Vapor-Tension 

Tagliabue Mfg. Co., C. J 

Taylor Tosta iment Cos 
Wet & Dry Bulb 


Bristol Company 


lee i" 
Tagliabue Mfg. Co., C. J 
Ta r Instrument Cos 
THERMOSTATS 
rican Radiator Company 
Bristol Company 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
TIME OPERATION RECORD- 
R 


> 


Tagliabue Mfg. Co., C. J 
TIME SWITCHES 
TIME STAMPS—Automatic 


Str erg Electric ¢ 
TIME SYSTEMS—Electric 
St ! erg Ele I ( 








TIMERS 
Leeds & Northrup ¢ 
nanos } + Inst. Co 
tre mberg le tri { 
TINTOMETER 
Hiergesell Bros 
TORSIOGRAPH 
Lehmann & M 
TRANSITS 


Engineer’s, Surveyors, Mine 
Pocket 
Taylor Instrument Compar 
VALVES 
Automatic Shut Off 
Tagliabue Mfg. Co., C. J 
Diaphragm 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 


Reducing 

Tagliabue Mfg. Co., C. J 
Regulating 

Tagliabue Mfg. Co., C. J 


Taylor Instrument Cos 
Safety,Fuel Shut-off 
Tagliabue Mfg. Co., C. J 
VIBROGRAPH 

Lehmann & Michel 
VIBROMETER—DAVEY 

El at ration 
vignoscor 

Elect ep orporation 
VISCOSIMETERS 

Hiergesell Bros 

Tagliabue Mfg. Ce Cc. 7 
Taylor Instrument ¢ 
Teschner-Myers ¢ Ir 
VISCOSITY TUBES 

Hiergesell Bros 
VOLT-AMMETERS 
Weston Electrical Inst. ¢ 
VOLTMETERS 
a 

i and Ni nwtinwinen 
Raws yn “E lectrical Inst 

We n Electrical Inst 
Pew val 

poe te A Company 

( Northr 
WATER. “4g SEDIMENT APPA 
RATUS 

Tagliabue Mfg. Co., C. J 
WATTHOUR METERS 
WATTMETERS 
Indicating 

Rawson Electrical Inst. ( 

Weston Electrical Inst. ¢ 
Recording 

Bristol Company 


WAX MELTING APPARATUS 


Tagliabue Mfg. Co., ¢ 








Water Stills are 
periorities they 


in the following 


Electric 


New. 
Ba arnstead Water Stills 


The ‘‘New Standard’* S. G. Barnstead 


space than old types and can be easily ay 
plied to a bracket type. 
Carried in stock for immediate shipment 


Gas 1, 1\4, ee 


dard 
1a’ 


stills of outstanding s 
occupy considerably less 


Sizes 


5, and 10 gallon capacity 





— pa 


— 


w 


1, 1%, 2, 3, 5, and 10 gallon capacity 
Steam 5, 10, 15, and 20 gallon capacity 
Larger capacities to order 
Write for descriptive leaflet 
and prices to 
TESCHNER-MYERS CO., INC. 
Sole Distributors of 
‘‘New Standard’’ S. G. Barnstead Water Still 
Manufacturers & Dealers in Laboratory 
Apparatus & Supplies 


43 Warren Street New York City _| 


rit | j r-Myers ( l mention INSTRUMI 
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SUBSCRIPTION FORM 


INSTRUMENTS PUBLISHING COMPANY, 
1117 WOLFENDALE ST., PITTSBURGH, PA. 


Please enter my subscription to begin with the next issue. I en- 
I Ti ecient , payment for a period of .............. year(s). 


1 Year $2.00 -- 3 Years $4.00 


Money orders and checks should be made payable to 
INSTRUMENTS PUBLISHING COMPANY 


m— Please Print or Fill in With Typewriter <a 


NAS pea ‘ sasaensiaeta 
eee 

City & State 

My Position is...... 

Company ............ 


Company Address... 


I am interested in the following checked items: 
Instruments for the measurement of : 


1. General. 9. Heat Units and Combustion 
2. Length, Area, Volume. 10. Pressure Differences. 
3. Solid, Granular & Powdered 11. Speed, Acceleration, Time. 

Materials. 12. Specific Gravity and Density. 
4. Liquids. 13. Physical Properties. 
5. Gases, Air and Steam. peste : = 

E 14. Vibration, Sound, Light, Color 

6. Electrical Energy. 
7. Power, Work and Output. 15. Chemical Analysis. 
8. Temperature and Moisture. DP Gaited etic 
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STANDCO wit!’ 
INDICATOR 
Only 3 things to attend to: 
1 Set the Indicator in the cen- 
ter hole of the shaft. 
2 Press the push button in and 
then let it fly back. 
2 When the pointer stops 
read the R.P.M. 
Please write for Bulletin 506. 
HERMAN H. STICHT & CO. 
21 Park Row New York, N. Y 


























Advertisers Index 


Page 
American Radiator Co., 40 W. 40 St., New York, N. Y 
Automatic Temperature Control Co., Inc., Philadelphia, Pa 
B 
Bausch & Lomb Optical Co., 637 St. Paul St., Rochester, N. Y 14 
Bristol Company, Waterbury, Conn Back Cover 


Brown Instrument Company, 4482 Wayne St., Philadelphia, Pa 
Burgess-Parr Company, Moline, Illinois 


Chart Production Company, 280 Madison Ave., New York, N. Y 
Commercial Engineering Laboratories, 4612 W 


Davey, Peter, 6 Varick St., New York, N. Y 
Detroit Instrument Service, 14539 Ilene Ave., Detroit, Mich 
E 
Eastern Scientific Supply Co., 7 High St., Brookline, Mas 
Electrocon Corp., 6 Varick St., New York, N. Y 
F 
Federal Products Corp., Providence, R. I 


Hiegersell Brothers, 2007-13 Bellevue Av 


Mt Ee 


International Exposition Co., Grand Centra 


i, 
Lancaster & Allwine, 805 G Street, Washington, D. ¢ 
Leeds & Northrup Co., 4901 Stenton Ave., Philadelphia, Pa 
Lehmann & Michels, Abt. Hamburg-Altona, Germany 
Lincoln, E. S., 420 Lexington Ave., New York, N. Y 

P 


Pyrometer Instrument Co., 50 Howard St., New York, N. Y 


Rawson Electrical Instrument Company, 90-92 Windsor St., Cambridge, Mass 
S 

Scott Company, Henry L., Providence, R. | 

Southwork Foundry & Machine Co., 400 Washington Ave., Philadelphia, Pa 

Sticht & Co., Herman H., 21 Park Row, New York, N. Y 

Stromberg Electric Co., 341 W. Erie Street, Chicago 

Stylograph Co., Coldwater, Rochester, N. Y 


Tagliabue Mfg. Co., C. J., 18 to 99 Thirty-third St., Brooklyn, N. Y. Inside Front Cove 
Taylor Instrument Co., 95 Ames St., Rochester, N. Y Inside Back Cove 
Teschner-Myers Co., Inc., 43 Warren St., New York, N. Y ' 
Vv 
Van Deventer, H. R., 342 Madison Ave., New York, N. Y 
W 
Weston Electrical Instrument Corp., 591 Frelinghuysen Ave., Newark, N. J 
Wilson Maeulen Co., Inc., 387 Concord Ave., N. Y 
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: Card Section q 


be SS SS I) 
CLASSIFIED CARD SECTION ADVERTISING RATES 


Boxed Display Space, 2 x % ins. 
Positions Wanted Advertisements, 2 x 7% ins. 


$10.00 per insertion 
5.00 per insertion 
Address your advertisements and replies to 
INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale Street 
Pittsburgh, Pa. 


NOTE: Samples, literature, catalogues, etc., requiring more than 2 cent postage should not be 
addressed to box numbers. 





Strip Charts Disc Charts 
Rectangular Charts 
For Recording Instruments 


E. S. LINCOLN 


Consulting Electrical Engineer 
Designs Investigations Reports 
Electrical Research Laboratory 


GRAYBAR BLDG. 


Special and tested papers for pen, 
stylus or other recording method, 


Chart Production Company 





420 LEXINGTON AVE., N. Y. C. 








280 Madison Ave, New York 








LANCASTER & ALLWINE 
Registered Attorneys 
Patents and Trade Marks 
Information on Request 
474 Ouray Building 
805 G St., N.W., Washington, D.C. 








H. R. VAN DEVENTER 
Solicitor of Patents—Consulting 
Engineer 
Specializing in Electrical and 
Aircraft Instruments 
342 MADISON AVE., New YORK 








PETER DAVEY 
Consulting Engineer 
Dynamic Balancing Vibration Analysis 
Design of Special Instruments 


6 VarRick Sr. New YORK 








Motor Operated Controllers for 
regulating Valves, Dampers, 
Louvers, Rheostats 
Time Cycle Contactors 
Electric Heater Controllers, et 
Automatic Temperature Control Co., Inc. 


Philadelphia, Pa. 








“STYLOGRAPH” 


White wax sensitized paper for automatic 
recording in graphic recording instruments 
THE STYLOGRAPH CO. 

P. O., Coldwater, Rochester, N. Y. 
Patent Applied for on Product, Process 
and Machines 











WE ARE 
INSTRUMENT MAKERS 
Technical and Scientific Instrument 
made to order 
EASTERN SCIENCE SUPPLY CO. 
7 High Street Brookline, Mass. 











DESIGNING ENGINEER—With experience in designing small accurate 
mechanisms. Must have knowledge of tooling-up for quantity production 
Manufacturing plant located in Philadelphia. Write giving full particulars 


in first letter. Address Box 8, Instruments Publishing Company 





When writing to the above companies mention INSTRUMENTS 
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Index Card Section 


The editor feels that a file card index will be a valuable asset to all readers. It is sug 
gested that this index information be cut out, mounted on cards, and filed in your 


desk or in a file box on top of your desk. You will then have within easy reach an J 


index of instrument information of incalculable value. 


= SO ASS HS SS S| 


THE MEASUREMENT OF PULSATING CURRENTS 
W. NELSON GOODWIN, JR., INSTRUMENTS, Vol. 2, No. 4, April 
pp. 115-122, 7 figs 


rt haracteristics of alternatir 





THE SOLENOID ACCELEROMETER 


R. W. BROWN, INSTRUMENTS, Vol. 2, No. 4, April 1929, pp 


3 hys 





A SUPER-MICROMANOMETER 


JOHN L. HODGSON, INSTRUMENTS, Vol. 2, No. 4, April 1929, pp 
128, 4 figs 





SOME MAGNETIC PROPERTIES OF MONEL METAI 





DAVID R. INGLIS, INSTRUMENTS, Vol. 2, No. 4, April 1929, pp. 129 
3 figs 
I etho I l li h i pera ry 
rik ] llat method The 1 | V 
The The Davey Dynamic The | 
Vibroscope Balancing Equipment Davey Vibrometer 
A portable stroboscope A portable instrument for balancing A sensitive instru 
for observing mechan- all types of rotating parts while for the measurement 
under their own power. vibrations 


isms in motion running 


ELECTROCON CORPORATION - - - - 6 Varick St., New York 








s mention INSTRUMENTS 


When writing to thi hove compar 





















































NLY a tremendous organization such 

as the Taylor Instrument Companies 

could keep pace with the demands 

for temperature instruments that 
come from every industry. 


This company is proud of the fact that their 
whole organization is so arranged that ex- 
perts are available for every specialized in- 
dustry. 


While we cannot give specific information on 
every instrument we manufacture in this 
space, we place our stock of information and 
the services of our experts at your disposal. 


Taylor Instrument Companies 
ROCHESTER, N.Y., U.S.A. 


CANADIAN PLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING IN GREAT BRITAIN 
TORONTO SHORT & MASON, LTD., LONDON 






ar six TH SENSE OF [LNDVEt x ¥ 
Tycos Temperature Instruments 


INDICATING -JRECORDING ~ CONTROLLING 


are Ah 
eae 


Dek sea aes) Schiele ce 














Chrome Plating Tank 
Temperature 


WING to the fact that proper chrome deposits can be obtained 


tween a very narrow temperature range for a given current density, T] 


PERATURE CONTROL is perhaps the most important factor influ 





commercial success of chromium plating processes Labor 
Contt 
* fe) s ' on 
a ee ae a Control Within 1° F. with Bristol's 
of Recording, Indicating Thus it will be interesting to note that Irate, 
and Controlling Equip- i cae oe ’ ; 
ment for the Industries. uni orm and positive control can Dé Ota 
including: Bristol's Automatic Temperature Control | 
Presoure ond Vacuum Ganges; ment. Installations now in use for more 
Aiquid Level Gauges; Electrica 
Boiler Water Level Gauges; Re- years are controlling with variations of not over Auto 
cording Thermometers; Indicat- 1 F. at Chevrolet Motor Company, Olds Motor 
ing and Recording Pyrometers; : # “hy 3 
Recording Psychrometers; Re- Company, Grand Rapids Brass Compa 1} 
cording Electrical Instruments a “Ris ae a ? ne Oe RRR 
(including Voltmeter, Milli- Steel Products Company, Enterprise Electro | 
Voltmeters, Ammeters, Milli- Company, National Enameling and Plating | 
Ammeters, Shunt Ammeters, ’ . . 
Wattmeters, Frequency Met- ysany, Hancock Manufacturing Co., and ma thers 
ers); Mechanical Motion Re- Br : 1’ a) . ] E : my . New 
corders; Electrical Operation ristol s Wontro -quipment 1s very eas) 
Recorders; Indicating and Re- tain. There is practically nothing to get out \ 
cording Tachometers; Engine 2 » i . 
Counters; Revolution Count- construction 1s simple and rugged throu I } 
ers; Averaging Instruments; - — ' , 4 : sani £ PReyctol's T 
Semsdinaad Wiad, Aloe anton fact several installations of this type | I 
ment for automatically control- Control have been operating 24 hours a t \ 
ling Temperature, Pressure, . . 
Liquid Level, Liquid Flow, past four years, and are still functioning 
etc.; together with Motor Op- : ‘ ; “ T 
erated and Solenoid Controller Complete information in new bulletin N . 
Valves, and Control Panels. Write jor a copy \ 
: ‘ . 
The Bristol Company, Waterbury, Conn. 
Boston Philadelphia Birmingham Chicago , De re 
’ San Francisco 


New York Pittsburgh Detroit Akron St. Louis 





